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mm t . h mm t . mm v - vmm t mfii 
y~ V mm t r mrvfi^ti^ci ist a -mm > * m l , nu 

[mtim2]mimmMmm-hmmmim.=F. mm 
. L . mmt 7^^{4x 5 -y ^1 ^m^ii^t J: -.-cm 

1- ^. ^ ^tf . m^^jKai*^ i7.)|^it:^a ^, 

m^m 5 ] iff3}<ii 1 <?M=f-n.\^m'^^mmuzm 
i^^ft. ^cM. f-YmM\zmmKmm-h 

I mmi'f- V mm\zim Lxmmkm^h c t ^ 

y.. mtfiv-Ym&^yA y\z-^mh'f~v%%yA 
■ yy.mmz^m^ivtzm-oym.y . mm-ommz 

mm b t ■h^m^^ixfzw,~<^)mw.h ^ 
i^^^sm^xh-rz . mm.-<^)W^M!mmt^y y 

mm^ - 7 vift^ s i Oi(i*?swMi-§^ 

mt<m9 ] x5 y ^'Ji*^ mmmmmmw^-h 
^iifzmT(^m^mzx^xm^^hx\,^i . tmm 

t 0 0 0 1 ] 

m(r>mm'mi^mzm^^m'fiixv^^<^mmnmi>z 



hcf)XS)^^... 
[0002] 

uammm] mitiii^mi^c^mmizi o(7.)7i^ 
L V/ c TCI ] umym^fr & mnt iztiz x -> x , 

m7-.'<> K l>z}Sls1S^iLtzm-<r>M^miL^ I- > ^^/k// 

m-. mm • mmm-i^. .'^ym^z^titmm 

iiX^^l. 

[0003] mnmiiimcy(^mmxii. mmizttK 
X. mmmhfz D^^^sktii'ii^ft^.^*? < tix^^zt-A'^ 
^Wixh^. mmi,zhv^xm^mii!,ii,i i ^^-t 
^-hfUhrz'om+ry^rmmtX'mmx'hKriiz 

Ty^rnmm'FmtiAtii^mx'hi. z<r)t:^. m 
nmiammmmii. . M^m=?-m^m4^it<^:>±x' 
'^iz^mxh^. 

[0004] ?^Jll®^fflv^TliS'Mt$ii/:!*S«^ (K 
i'am=F)<^mm<r)mt L?(i, l 9 6 l ^t^Sho 
ulders(C J: 0 T 0 . 1 5 n >"^f XO^^O ftt";;/?^ 

t zixmw^'h^xmrt-ikii^m2m'S(^)im{My. com 

put. 2(1%1) 135#Ba) tC^V fSfe*^^ ^ ^1) . * 
Jt. 1 9 6 8*t:{4Spindt^>tCj; 0 . SHi^irj^ffll^^t 

±izm.i fcmmrv^) (Dimo. kppi.Phys39m 
s) 3504#B3) mm^Ki: $ ^1 , mii^^stzfc (, ^x . 

■^Wic^Mmmv^XV^:^. 

[0005] Mm-?^ ^ o*^<7)ff jficti:! <?c?)aii*^ 

5 o -f Xc^)m/]^^ilftM«7;x 5 y ^J' 
«fr«4^^ . jff^tcfS(t/-c?| # tii lM%{y-h) ^zX -i. 
T$iJfflL^r//'^^JB,i Sit, m^c')m^r*feffi^ S-fr-g. 
T-J)?-., COJ;'j^-SpindtSt^)STO. xS.y:J'COEJi 

T y - )<• uri]^-^ 1: Ktil §i-L^m?c7)ftyiM 

^iy- 1. =x s -y mc'^mumiiizx mm-^m^xmik 
xsyi, mzimm.mmm'ym'Fmb ix s i o 

§ iitisli: . m^mm-r y^-h lum^^mi^xm 

^-x 5 -y ^ ^sg|5^ hfflP^;)'4''i:^SP(ciSg^-l> ^ t 

izx 'o . y~ 1-x 5 .y m(^M{m^zx-^x^ ti-i 

mm <^-.^ y-^x s .y ^ ^J^t: J: I, m^rftcf^i?:)^:^^: X 
D , 1 0 0 A^^, 1 0 0 0 i ^ ^ffl 
T . X 5 'v ^m^&mz 1 0 c^.) 7 ^ [ V/ c m ] U^CO' 

m^i:^^^. m^^nzx^xM^'^izm^m^y 
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-r ^, \mmTi^ii^> ... .:</) ,i 0 tMmm:^h^i 

\) V / :7 7 ^ -T-tr^i- :) :itii. mWi (c i u x I- Ci^jl:; 
(c-ko-c. C^')[fIffi^r|nJj6fL.. piii#c')©iS-&i.)-ti-2r^Ja 
Tit tT<^.ifiiJI1>{, 

fz±x\ mmmzx ->x§mm^y- hi'^mzmmi 
nmmmmifzji s 9mAmizmmm^.t 

I. ^ i: J: T K 0 S ) d J: T y~ ^ 

.©jS;*iiafi:ffl^tC^'-5TV>S.. l-fy^l. .I.Vac.Sci.Te 
chiiol.En3{l':)95)4S7{2?l?S-$^l-CV>SJ; Mo^Jfl 

}t)^hr>mW^r^^ZttiX'^ T i ^-Z rT'ti 

T-^^ri^K 0 . mzm^nmrn^izm^^m^^i 

omiE.UiX\,^h. mmiz}^\^^mx'iimwsi^z 

xmK 

[ 0 0 0 8 ] xS -y ^tcfflv 1^ j: t 
Jt< thtzi^izU , M3irD-bxt;Sa|a-r-g,$!lSilj^^tl 

Ktti^-SSrr^ox 5 .y ^ ^IMt- ^ >: ^ -fr-f , y- h 
rjrlPgl5c7j4i(,zM1J^^,iJ}fai*/^ iSttI-. .1 1 J; , y- 
b tx 5 7 ^co^c^jfiK^i.i-tir^^lglctl.rrn-f- 
*i:i^-c i . y- V \>znmfihmm:M.\m)mh 

xs .v ^5tSTV)mfr5S^i±, x5-y^^5tffi(7)^1i 
- 1- -X 5 'y 9'moMmz{mthif\ X S 

9'k^o)%m.\znthm-if±^\ ^fz^x:h o , m 
^ifi'i^m'^om- A ^ic-)mmzht:.->xmmhz.t 

mm - :3XhmzX^)m^lz^j:h. 
[0 0 0 9] ^cl-x. ^<^:>Xo^xrTu~i-i.zii. 20 

at-*. ^) . mm¥&-32%2ym{zm^^^tix ^ j: :) 
[0 0 10] loti. mmL hh\m^mmz 



mt^^%c^)m'fWz"imizt7^iTmx%i>., zna. i± 
>:LT, mzmvm^±m'.>x^^z>mK .><> K-i^r 

-CfJSv4#HSTT-$)&,.. 

[0 0 1 1 ] ULh<^mKXU. im><> ]^c:WjK M 

■^xc^mi<p^x.^^)i'^'-mx'h^^M^miLX 0 ^ 
hmx. 0. 1-0. 5€W^^m'c^It^^:■^L. 

V ■>>{»> , ^H^affi:*! etc J; T (i^ < ts:-^xv^h:Ly -hmi 

■ mH^^tlXio . ((5iJ/.{fJ. Vae.Sci .Technol.E!]3(199 

Dm-i^^^mmm^mmf] (nea) it%i^. ist'S 

[0012] -IiLi^>i7)!t%^c7)i,->^*^||^^ ( 

<m^-mj^ ^'mt^iri<zwA^'\ik\^ ^nhtv^ 0 m 
[ 0 0 1 3 ] i^ti. ■>^)V9n^^m\,zm^^titzmm. 

W*Smt^a$tLt ^^^> (M/JfScience 282(1908)14 
71#HS) // , .1 (7)tS^^N E A SrfMjffl l tz%^W^ t 

i>«i=-ISffi?^«7j'h§ $ ^Wmmz'^m LfzA f]-y:KX: 

[00 14] L:6^L. ^n^>c7;!ti!iMc7>^<(±. -eotns 
^^S^Jtcm(.ilt^^. mi'rfe.il^ttt//. M^:.ic7)^Mi:i7) 

r?S2:g(t(c< < . J; DSgT-.t> D „ X 5 .y ^WMt L 

[ 0 0 ] 5 ] mM%^o■i^w^■^^^^.^fz%l■mmFt 
ji?^ 10^)^^ -f7^im—m:fa)m%x:t^:\^h^i^ 

V ^tz%.'fwmfY\t . 1 0 o^-^A -Yx^^v ~ivmn.o) 

mmzltiV^X i^.S(.c|jjfftS Di-himL^ixXV^?^ 

Vac.Sci.Teehiiol . [!16(199S) 1207*#B3) 
[0016] .lilf^ONE A!f*lM • SlNEAtl«(l.m 
^ N E AitJ-Jl t IJ?i^) ^fflV i^^li^-KlilJli^ ^ ft 



( 4 ) 0 0 0- 26870 1 ( P 2 0 0 0 - 2 6 S 7 0 1 A ) 



- r r v~> -6 > m y .i s \>iwmm^is nx 
[00 17] .iiii\>o)iim\,ii.r^xm.^iitz\mi.. % 

m. ±m.oMi-mi^*^y y \- > n° r ^ xtp- ( f 
E L) ) [zm ^ > -5. m^m. t l t ^ ^ t § , 

±m<^')m.ifitmt^j:^'i . ±a=JX h^ff L±(f l-WH 

[0 0 18] i/^. -.^'W^^ > K^-m^.VBi. 
m-hf?±% ^ ^fzih , RgMfitcfriJi^iy/ja^ ^^-tv ^ >: V > d ill 

,^ t j> 0 , mmhc^mmh t w> , 

[0019] \m<7)T7'U-^{,Zhh 

[ 0 0 2 0 ] ic7u :) ^mm.Tmy.^fz^m^oM'f- 

Wi^mi-<r>im.^mm^zmLX\i. J.Vac.Sci.Technol. 

Bi4(i9%)206o^, ^mm^'^immmwrn. 

[0021] J.Vac.Sci.Technol.B]4(19%)2060t:fg^ 
$ iiX V ^ h MT1i . $)<^:> i)^ b«6« 1E±t: . x S >y ^ ie 

t° > ^ Sfe L fz .r -< -V ^ > F ( lixmmmcr) 
U 'y ^ xct'tc^ljt L . ^-X b ft Lj^c i> La 

WikxmiMm uix^^h. .1 Tii , mm. 
ji, 114 ic^t J; 9 tc. X 5 7 ^m^t y- Ywmtm 
m\mnmz{z^ nxw&^i\A-t< . mm-m\, 
. [ 0 0 2 2 ] ^^c, mmnw.m%mmm\,zm^^ 
^fix y<^hmx\t . m 5 {z^Ts-^x ') (c . afeioo±t: . 
mm<^mi^m^ ( i^-mfi) mmmmx-mm^ix 

Xv^l iliitcox s y 9 ^hX^^l. Z. cM^XU , 

mi^co-W'X. -^n m -'Xv^m^'^mMmw^ 
mtaixv^izt mm t ^x->x\ > h mt'^itmw^ 
<7)'mtTm t fz\i - mnmmxwr^ timmomm- 

^=>. T ictpt'^mfibixxv^i... mmmui. m-^ 



t^$ii-cv>2,... ii6{c^tcfc'3i;. mmmi-jzm. 
tm^ivrzm.'Fx. 5 .y .^'2oi±c7)-gi5^i^<, >-cmi#ii4 

{cJ(!ie)i402&l5H L , 'tc^)UzmWj:Ty~ vmkb 
I xcmm^i^'^ y i -xrv- h404 1 M4^1403//'' 

FEDmmf^j:'.>X\.^h.: lij'l^iJ^^:,, 

mmmmizif^^ixxv^tj:d^j:i7mx'mm<7.mm^ii<: 
imizi^-iz^mtiztu. mmizii, ^^jxwj: 

mzT iX7'V-^\ff)f,Bffii:Mm.lfzi!kk. mzm 

mc'ym<i.^i:mmi>zii)-^z^mt^ z t ^^x^x t , 

r~ h ^-oftTm? feaif|-Tc7)T Ix b ixm^-Bi'tz 

miz . ^ « c7)ii5irBit'wittt//fej-T'^^(ti Lti'^^ i^^^s;. 
immzx •:). • m^immmmzit^m^nxKm 

^ ^'^iisic^ s ixx ^ i-r . Tfejfbc^.) 
^)}m^+mzmmzii izt t ^--s .. l*' l . ^ 

m^m •< ^ < . ^ < (^ymk^iiJ^ $ -y ^ fc l t^i^ l ^ 
i\ B*c7)±# ^timsAimmiommxhi> t^.mm 

iS^tfifl^Of J-^*Jii< ,r t J; oT¥*?3fta):^{il^ 

L < teT L . T> 7.7° ^ - ,t IX ^mx^ t£ ^ ^m^.^ h 

izr>^:b^l, tti. meXii. WS^x 5 'y :5'201>6^|£ 

mm(7)Ti,zi,hit:ib. i&tmm<7)mz^'^i-\i^mmt 

[0023] ^m'^'^-i^m^mmiih . nmtmm) 
mm-im^ ^tz%TWL\^mi-bti: -> x \^h-ff .m^x\^ 

ttzm^-h 1 0--3 0 0 nmyxD^^^v^fzisb.. mm 
mmzWLm^m^wi^<^M-^^iK& < , ^i^wmix 
mmmi,zmzh. mi ^zmxoiz. m^i 
±^zmftzmmmm52(r)±mm<7)r^ > ]<m- 

532rfSaL., ^(^±lz{-7X^ii^^2i-7X^tlxm 

mm. r-hm6iimm~tmiz^£-.>x^-^it\ zo) 
m^h'^mwmzmmm^m'^xv^h. ttz. 

[0024] zi\^.oMm\i. mw^\(h<m<^vm\,zh 

[ 0 0 2 5 ] i \mm-iTiwm.oymx\t. a 9 

\zm~ti. 0 \z . SKlJitcx s -y ^Emi32*isa L . 
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y- hfl5':)07i./jM5irct >-ro,.. ^c^)ff$jt0i^^&t;fci > 

[0026] § mWlO-g2294i>fii(l7F§ilTl » 
/^mtilSIl Otc5j;-tJ;:Uc, TSUSfelOOU tI/V-K 
It1i7^ >1002c^)>J;ieSill003. y-h«^42:IM 

mc^Mmm^<^>mmiz^^ i.^->-ti, > „ 
[ 0 0 2 7 ] -e LT. ziii^±T(7.)imzm^^^(^)rj^ 

fct^t^, mj^ts ^:>(^-)%^^9\iihfcibi,zii. ^^mm 

mz^ t J5ctU«^ /j> <i> JJctii $ ill. 
miiit2rSiJPfitl.!f *j!;^iiAjAiiiT v>^;£j^;&%|, „ L 

[00 28] . m^mm^mmuzmm.'f-. 
fz h ummm.^)^ < xrv a mwy. l xm. imtio 

=^mm.y-^^ y^r\. ^m^z-'J\■^xmm■h. Wkc^) 
nFf-n'mMxm 13, 11 1 4 [z^~tx -> iz. mm^^y 
ct ") ^£i>TW'mmmcomm±^zwmmm(r):^'/ 

$ ^j:m\-b^ ^^xi mm'ioow , t t:^<D±i,zmnm5m 

ixmnzmmt^<^.yy~ hmmy^ ymAmM-^nx 

V> I. . ^ V - F mffi 7 > 5002 ,h y- ffili 9 y 5004 
t F [) 9 .x|i3t L T D . V- Fmffi^ 
A >5002fcJ;f/#y'-FlS7'-f >'5004{i:IM^-a5015 
tC't'^imt#ig$ilTgBS!l$lJIW$^lT I. i-g. . Fm 
ffi7 -f > 5002i: F€ffi7-f >5004fcc7)-S.3cllgM(.: 



* j I »T {i , V~ F mffi 7 i > 5004 1 JJi*SJS5003 1 SM L 

il^.?L5005C.)K^c7)f#:)Jg5007*Si^Ft«i^)fM LTV >|, .. 
Cs^j^i^fcajjSSr Ifl Vj/ct < X7 F -f -^litf^XWI^Ill 4 
(C.Td-, r X r F i gg5020(i±j# I ^cl; 7-itMli^,50 

i2*:ijinn5:tMt-?..t 'y\:z^i,mmvtznMt . r_o)% 

mj:f!>mm^ h^x \ .. ^o)mmmm.oy^^tL 
\mm2y^ nnthw^z y- f ife 7 -r > 5024 1 ¥-?t 

'a'^'1^<^)'^.7tf*>^mrtjS5i.if^lg.itia5029/!)>^^ t 
t: . mfWcH'ii^sony. ^7tili5029 1 oWiiiM'Jllzmzii 
■/"^tMlw^-otl^l... ^Xt::. Cc7;)T>.XTF-^gg5020 

omnz'-jv^xip^?;, ,.. iifj^*if)j)c-r-5.Hrr.^goiis«ii5)« 

ll$BJ^^W^,;^y- Fl:fii7-f y5022i: y- hmmy 
A >50245r«W^-f55025lcJ: O^tRL . Rrr.5|^')lE&/j^ 
(•t|>,.. >iii{;J:ix ^^.)«^5Kttij®5012{iJl®L . -tC) 
mTJi[liijf,5012//' i^m? //iiScaj $ § i^:, I^Z fl V ~ F* 
7-'f >'5022;:Ty- FT-*l.±ggS:K5028tf')^tfI].l!in 

^^iTtmfftj; ->x%=fmm%K. S7t®5029c7)^.7t 

[ 0 0 2 9 ] y- Fmii7^ >5002> y- F«H7 ^ 
Q=e0XeXA/d - ( 1 ) 

d : Mi^l* 

2W=27rfQV2 -(2) 
f : lEIAiWIiS^^ 

V :|lEiOmJE(y-F-x5 ~,>m) 

-m'=Hzmv^(,iil,. c VD^T«§iU:S i olm 
mffmrnnA. snmx'h^). ^n) xm^tu.^- 

"m-ommM-h ^mn § ^x l t o § h iz , i^^w* 
it'f^w^i^jTi^zniitzMzmmm^miiw^t^'i ^ 
'4t . f« o r y- F X s 7 ^ raiifgiiz/ti jp l . uaaf 
^-^mm&ti^miaix it o twomm.'^tAh'^fz 

[0030] 

m^f-mm^m^xn. mn^m^^i.-h^^xm^^mmf- 
Hmth :itizxox. m=fmmmv^it t . mm 
''xM^fmmrr^'txi^m^ra-txx'S.mti z t 
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mmmmm'+'itmm^ ^-^i^^ y- hum t x 

hwrnmyi-iht rcc ^ ^t£v^!^\.z\^m-h^h ^ tz., ± tz . 
■fi^t ^.m-/^'^K§iiT V >4-*'-.. tz^.^z^mm-^tz ... 

[ 0 0 3 3 ] s *^Bjtcj: [mjm 

[0034] 

immmm-titzi!b(7:)^m mmmmm-^tz 

[00 35] -tt^hh. ifmm-<^nm. mwit , 
:iomwi±.\.zm.» ^ixtz/jv - mm t . y- h urn 

mzmitmmmt^^i. mur- humt^xv^ 
miimmmt 7:n^^t.zWMimztmmi5Xx/:s^^ 
mmm^ivtz%=Fmm=i-'(:%'^x. mwmmtm 
w&mk=?-t-h-^j:hmMzm.mm-tfi'ii^ Ltzm 

l(c J: T § iitz i <nX'h h:Lb^nW.hth. 
[ 0 0 3 6 ] ifc, }M^%m-<r)n^ii. mZ'lcT) 

<bi> —:>^z-mi&mm Itz h cnxh -g. ^ t J ^ t ^ 

tii>c7_)T$)l... 

[00 3 7]*^^. t^mm-c'.mm±. mc^m^m 
H'Mi-mmth mv. mim^m^mmizi: -..x 
w^m-h ■! t i-^ts\ m%ikmii-(^Mmm\>zhh . 

[ 0 0 3 8 ] LT . tmrn^z^r-^m^m^ii^ t'/- 
Ynm 7 -f y t X 5 -y 9 Mb mm b . tiiis* y - Fm 
my-i yi>z-^m-h f~ Y%mA ybmrnzm^^K 
tzm-mub , mmm-<^.)m^^zM^i:irixwm5 
xm\^ ixMm^titz . r y - mmm b b 
t^mf^^ixfzm~(^mmb i^tm^i'xh ^ 
X , mMm-'<7MWLt<^mmm*<7 -ym^^^t^ s i 
o.mx^^^x^^b. mmbi-imxhi,. 

[ 0 0 3 9 ] LT . *^0flt: i mnim'T-(Dmmm 



{±. AMff.m^Fm^mMty^izmi . mM^. 7 v 
m^^m-i s i Oj)it?r«iifi5ij^^^ zbi,zx -.>xB 

[ 0 0 4 0 ] a±c^)tM(c.i oTtRPX^iU. *.?6f!fltc,J: 

mi>zbtz-rcm--^j:^m¥f-^m^mtiim-ir<^)rv ^ ^ 
mi% -r b tMmb ^j:i>. ttz. mmm-^ ffl ^ ^ 

ggh-'i-o/^,. $ii>ti. 'tmm%iz. >^-hse^ttx5 

■•/ .^@MrnV;)?3-^c7>^^^ jfP/L -I b tMmb^j:-^tz... 

[004 1 ] CO J: 0 K>:^mmz.tim. fmmzmm 
m^WL^ ^-tzmmc) h -->+mmmmmmzx o 
X. mLi'm^^tzmTR\iimi'i±m<^yr 4 .7.r\y- 
izmm itzmiz. m^.tsc-,^mmxm.m^mmiz 
miti z b -/^^m^b Kp-ytz ... t tz , m'^c^ymumz 
"wmm im^^tz:Lbizx-.>x. hmz . irA 
e^i2rx 5 .y ^mi±i,zmtRmi>zi^-izmmtiz b 

[004 2] 

i ^m=fikiiim^(Dnt u^mmmmi^z':>^^ximt 

[ 0 0 4 3 ] H 1 ti. :*:mi=tj{tl.«7^S(ttl^i^<7)1f 

'ik<r)~m^^'rm^mxhi. mi^za^^xmrnw.. 2 

ii^ V- Fieill , 3«Sfiil . 4(4x s ^ iSM^M. 
[0044] Smi^l5j*4i: LTti. . .^M 

o^ffir s i 02K):bcommmxm'-^tzmmw. mm^: 
■> ^' 'J rm<^)mmmmxmm itz rn i::.^A<7M. s 

1 '^xy fc' *>ii^|.|¥;6iibiMt^ LTfflV>|, ; b 

< . T4xrv~<r>mub(oBwmmt>m<^j:-ox\'^ 

h C b mt 4 L < . 3 X hffi=5ri:'(;07 r ^-^jiSJn 

[ 0 0 4 5 ] t /t. S1Slc7)±(C{i;X$ yfmm2m^ 
Rg^iiTi^S. xs .y mm2(rMnb LXli. 

mmmm^:mv^izb-fy'^x'^i., mmm^ c 

r , C u . A u . P t. . I r , F' cU T i . A 1 , M 

ti< mmm. nmimm. tp nm.m\ mmm 

iKLxmwhZbti-^X^ . 't-^7)x5 v^Kll2i^fliff 
(4100 n m-5 0 u mWs.. L < (4 5 0 0 n 

2 0 At mm.w.x'h ^ , X s -y mtmim^-nm b l 
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[ 0 0 4 G ] ^ L TX 5 .V ^mmc7xBzlimM5. 
t'CyJfmX't^m S ilf^ S i O , A 1 O J . M s O , T 

mz^ '■>'cumtMm'->iih l p Dfti^i ^ s i o, 

JM^7:)f$j4j//;^jii I > . LDP ^fci7:)f$fflHf/ic , T«jMtK 

[0047] y- hgdl?;/ih<7:)««{C'.n i . 
^'^f4sm^/&^f l|fflT-§ . . 1 0 0 I. in - 5 jx 

mmM. L<{i20Dniti-l//in^ST-\t)|,, x 

s y^amtmrnmum i . c i- . c u , au . 

Pt. I Pd. Ti , A K IWo. \V^'}i(7)-^m 

§ Timt <7)mmitm^^hx^^i'mi}^h 

c ryj:yc^y^m^z-<m<mmt Lxi^iaML 

[0048] r~ hEmm6tmmm5^n<mnmii 

^Pim^ IXi-i 0 . ^(^Mm^i 2 0 0 n m- 1 0 mff.) 
IeSKC thZb //T-# , 5 0 0 n m - 2 /y. ni i^)iEll(CiR 

t-^x^.^hzt -A^^ tu^ <. PjI □ mmmm 5 .t n 

izmizmm-^ti^mm^^y i-:>i)-tifmn^v^x . 
y hr^y^nr>xi>X\^K 

[004 9] mnmm^zi±mm3bj: -i'-y rmk^ 
'\t<'ymiT3Wfmmw.^tit:mm^z^j:'yx^^i . 

*?i L- < . . if t L < « 5 n nr- 5 0 0 ri jvi , 

tC*T ^ L < {i . 5 n rri— 5 0 n mi^jtEffllCJRS -yXV^h 
^y^imt Liv, .t: U A S H =5: i:f)it»<4®a6T 

fz^. wm^xommzit-mzm^tav^f^., immz 
mhmx-o)m^mtr<'^mxm . 

ti~if-'>lk(rymAk^v^hZfb^X%h. Jfe 



Z.O^^'yf£f]~^.y^.oymtVX\X. 
7'y 7 r -f Mffltfi^ . T^:;l. 7 r X?!?-;K> (SS[fif.-^ . 7 

[0050] tfz. i^m\xm\>^mm-:^ s -/ .^4^^) 
( c - B N ) , i-.-hm.imm ( h - D N ) . m\\Lr)\ 

(A 1 N) ^>:V)m7«^^7»t'h$lvfjli 
S^WI^i ar ffl V > ^ h ^J'T- ^ ... t tz , fJS ft*[l3iicc^) C 
e O. , H o 0. t£ }iC»mmmn\ W f C . Z r C; . 

s i c , ■^j:y:(^mmmic»m-Tnmi^\,^hzb{> 
X I ... z i i <7)m.n^mAm\m . 5 u 5 0 0 

nin. ^mz. 5iiifi- 5 0nrrit').^|g(CJ|Xi-:,TV>|.C 

tmt 1 1 K tti . y mm- ■ ^Lt^mt 

il^ ( <■: - B N ) . 7^:^B^B.g (MS ( h - B N ) , M-fli 

Tfi^-'^i. ( A 1 N ) ti:>£<7)m^i=^m^-i:mm 
i>z . imwLmmfm^iix ^^hzt mjt i < > .^w 
tyKi?)*!-^^. 7i<*7'77:-7>Jia^. mmryy^-^m 
m}iiimT-~)i'^t'<7mM. c-bn^. h-bno 

t ymr-^ii tc yc^.mm , 1. v 4i , ,^ o mmmmf^ 

$ iiX t i I. t i L < , i A I N 5: ffl V -^Z::*! 

nmtfdipmiz ]i-t^yfuix I, .1 .h mt l 

< , n mz K - y 7' § f tX I > § .1 1 7:?^:tt(C ^ttw. 
[005 1 ] ^A^^y KcOi^Si. a*i;J;|.aiiH- 
-tfy^/, c-BN«^^{Mt^i:'t;j:|, K-ty^- 

[ 0 0 5 3 ] ID 2 a . 2 b {i . ^^fjtCJS ^ , ^fl^ 
iu ffitaii3fcJ;W«?4-?xS •v^ji4Sr?fMtl.:fr?£2r 

//'4-7{i, 01 -(:-fSi.->^:ii7J(i.mLT^ >•&... ifc, 21 
ft t ^TSII t c7)rBl[!i t-$) ... 

[ 0 0 5 4] t^-m^zii^^x , ffiffiii3^^j:.m:Ri^? 

Ud^. 1112 a. 2btZBtt-g>ffi-l{i|5l~wi)C7)f fo 
22. 1EEP.Sn¥S24(c J; o T msn $ ii^. ii-f 

[0055] -r^rio*, . mmmmt\i. nmthmm. 
jp Uzmmz k '^x^i5<r>mw)mmi<zm^ #(t . mn. 
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zbizi.-.^x. mm}i,z^m^-\ti'iti)^-^\'K: zff)X 
m-^ry^^iy^is-'^xt'm^^hztin't hif^ maz 

m-o^^'nMz i.->X%th if. ^-:> o iimmmi>Z'.C^ 

1 0 0 0 v/mmnmx'h^ . 

[0 0 5 6] KC^. m%m}) (electrophoresis) {i. 

(dielw-trophoresis) U^m^iXhlb 

ffhiff. m^ii. ^■muziimT-i:mmzi':>xmi} 
^^ic7)xmj:< . m^^ttzmi'f-im^rmnzx 
'^xmi^'ti h<7)x. ic.^i.mmm^^iz t , 

mmmtnY/mmm&XX^\'^/j:t'i)^±^<m^j:--.' 

Aj . m Bv\TMmrm±mf (i996*) . -ecofti!.^) 

^iii;t:iaji§i-Li:i.>5) . 

[0 0 5 7] ifz-^-<'^x. ^mMzmmtmti:'^^ 

izii. m&mm^^mzx-yxim^tLi>m& cv] t 
23mi^mmtm=mu}i(^mm [mm] <r)ittfi o o 
0 mmx-hmiJ: vk ^tx. Mti< a^ix^'ti . i 

0 0V-5 0 0V. 1 0 0;.tm-5 0 0x<m<7)P.1tCKl, 

ztt^x^h. mm. Mmmmbm'?-mmb<^mzB\i 
mtiMEtn 5 ovx'h-yfzm-^. ^(^mm 1 5 o 

10 0 5 8] ^^mi,zmimmiiim^(r>imijmx 

xnmt So c^j t # . ->>tic?g^«{4j.eisttco^r^?f .^^ 
z. mm^\>zm^<7)WPsm- 1 . 

mW.Wm-t^U-^Vc 10 0: 1-1 00000: 1 Tift 

m^zmmt i - o . o i %mjm^^xh< , ^ l 

SEEPSD#S24t:J;-:.i:. ^[6]«telhx5v^E 

m(m\,z%&tdmtht. ^n.LtMm-oy^m\:z 

k-^xWifrntK. i%^i<zz(^Mm.fm'p-ixv^<,, z 
zxmvithm±<^)-m.\i. miFtm\mmLxv^7^ 
nMammzi^ijK ^'ms.^M^fzm^. w>z^m:t 

S . X 5 .y ^ Wm<Dlii)mztj:h X 'J hZJM TX 
^imh. ZZX\ W&ifi+mzW>lfzb%l,z. mff 
(7mm ff ih^-g. . § h l,Z Z h )l6(cWia] 

wmi\{znLx'E(^>u Tx^m^ti z t ^zx oxy 
~hmjL{ztmifz&mmi:ti>xm^Mihzt 



[005 9 ] i:)±m&izx->xmnm^cr)j:. 5 -J ^ 
w.mmc'MzrmKmzm itzh t (c , m.h i v mt^ 
vSttSiimt'T ."-/L ■:> z t mt uk. 7\--n 
sig.t ixum i< iimL^2o oig/j^u o o issfg 

-Cff ') A'-C3= S . >I<7).i H LX . EtaJi^ 2 0 0 
n m- 5 0 0 n mWmmth ... Bmz ,[221:. 

i±. ]wmmmc^)mA--mt^<n-x%h,, ji^m 

^j:lZtmtl\iK 

<mir-m¥>^mnizx6m9r^m^ii. mtim^. ^ 
y - Kmts y^ytm-y-^mt mm t , Mia^ v - 
yizi^mt h y- h mmy-^ >■ t //juitcffM 
. mmm-c^mmzmHfixm 
X i/m ixim^irfz , r ./ - vmm t mm 
mtij'mfs.^htz^-(nmb i:ti'mmm=Fx-h 

[0060] :^mMzi6^^xii. m-<7mm±(^mmm 

m'^mm-ik^.^^y ^ u ymK^ti>zm^iiimnm 
mmfmxmmtfzs i Oim<^mmm4 . 3 Mftt^j:!: 
ixmi<i&\immmifmf^x't^ 1. . n 1 2 izimmm 
mx-mmttzs i o,m<7)7 -jmrnrntimmc^Mm 
^t,. mi 2i,z^.tX'>iztmmii7'ymmii\\M.<7)mM 
m^'M'yth. zzx\ mmMi<zm(:>ixmmm^ 

mi'miii^%^^^ii,Z'm^j:mmiiX^ 1 0 0 0 v 
./umX'hi. ttz^wmx 0 i>z}%mm'm^<7)m 
^\ w-fr'^tmmzitixmrft}mmmzm<=\^L. -to 

m#*^B^{4fcJ:-c 1 0 0T-|)S/sy\ ^i^tc^r-h 
-X S "/ r^Higffill'i:>^^-SI1^Ji 1000 v.... m<r) 
1/10 0, t^j:hio 1 0 W/u mXhhh^t ^ix 

1. zmwsm^mmmmi'^^i^h'b ix-mmx 

m^^i>iihfziih{zii:rmntiff2 0 owvMxh^zt 

tmt L < Y~ b-x 5 -y iS^ralOiEDjmEii 1 0 0 V 
OTtjIp;t S „. I^'.T , 10 0 VT"3%:^(c£^ 

mts:%=?-Wi\i!>^mz-ttz^\.z\,iy- h -X s 7 ^rMi 

1 0 mOTt'J. I. S <. 

[006 1 ]-:^. rmmmmmphy- v -x 5 
•y 9fSi<7)'^^mmi.-mm'^fz ^10. 5 p pjiiTt-S)S 
i fc *'"it:>^t-$> I. . z tai 1 1^ hhfz^o. 1 6 7 p 

FT$)-& o 1 K -y h(7)-^r^ X{4ii#^m'<-XSr 3 5 
umfthtAl 5}.LT!iy 1 1 5yjm, ffl1t{44 . 7 7 

E-Sm2f(t>?-,. ( 1) 3^i:A = 4. 77E-8m 

2. Q.<0., 1 6 7pFi:'9. 
e/cl<3. 95E5m-l - (3) 

i: ^ I. . f- b - x 5 -/ ^ rBlSg^A^'S^ 1 
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0 /un -C\f.) h CyQ- , (1 - 1 0 - 5 in ^ ff] rc , 
e ■ 3.95 . - ( 4 ) 

(4) 3t^:EIJ:0. Si o, \moyy nmst 
2 %W J:T^> ^. C 1;) ^ ^ La V, 
[ 0 0 6 2] 

VmmW l^J.Ttc. *^BJltcJ;&ig-7K!i!?g-7-o':?i|!St{:: 
[0063] OT. li2:jI'^T*||BJt;fc{t.|,«^|i5rtti 

10 0 6 4] xmi -.miti. mm ryx-^wmz 

Xr>XWJo Lf^nn 1 4 $ 5 mmCOMM W -y 

2S:4 5 0A£.rne.yf-C'fmL^, flL. m.l<7). x$ 

^•^,^KIf;2^^@^i3 5 0/<m>:t;^. ^-f, XS"/.^|E 

5 0 n rnCON i o § tcj; TfiS*^ "tt/^ , 

V AUcO 1; 7 7 ^ffl V, tom^i^-^ i t J; O0fi!tS 
U^mOAuB^^Efe^RrSit/i. 

[00 6 5] Xi|S2 : iJClCL R Dj£^ffl(, >T S i O.HS 
S: 1 //. m ^ ^tz ., ^tz L P D mUi , '% < <7) 

c m#>/c D 1 0 0 0 \mmxh 0 , ^1±P-1M^A >U'^ 

/^X'^^^fztKmmt. 1 ^unut^/to 1 oovmxxii 

s i o.m\± . A ij - N i mmfm^^'^ a >7t~^ 
>Hzw-^xio , A M(nm\i\mmi±its:fp-^tz. 

[ 0 0 6 6 ] 1^3 : C:(7)±t:. P fXmWmisb-^t^S 
0 ri m SI L/vim. I 1- 2 0 0 n rn § 

[0067] Ig4 : y-h^*SM^7M^ritJ 



f-yf-ti. 1 5 0;ttmi:', #<?c7)gfij*c7«i, 110y.t 

m^(-.2i mm^)tiiimcr7->>yLx 
0 . z(P.Mizity- h&immm^m^^x -y iz 
n^-T^vyr^v^-ytz... ■>i.9~:-^ y'wmm\mz 1 

5MmX\hr.f^., '<;^-->m, XMltmiZ. P 

Wi.Myl.cyM/^ P V A iz X '.' X mthx ^ > h L , S 
[0068] X^l 5 i^- Mi:lfel*l^m< 

■^mi,z^fz tti^z. 1 /J mliitt?;)Pt,iI^}^-:A; 

mr>f^'^~-y-fyj-^tLx. i^mtm\x\t. ^m"^ 

^ y y /7 7 >f -Srffl (, 0 . 'J 

mm:mv^fz > ^9 - - > ^'-^ff ... 

^- A i: B SrM-^ L . MU<^Wy Mm,<^.X 0 . 
<#iat/::i:^t:, '-K'J7-Ac?3jiJS//Si,^g|5ii-i:. 

^m-i^BjC L T V > ^ miM-Amttz "9 . (7)mmilfz D t 
f/tj:ltzi6. mnmc^)^^'9~->:7lzmvvhtzibt,zM 

mx$)'-^tz... 

[0070] :^mmmxn. tr. y- x = 
•y ^wm2<^^w>^. m>x u h ( m^jss-ftmiFP 

K8OO. lOOcp) ^7)y^°^_y-y/^cJ;^x. mifzm 
l>Z , T/I't!/ U tC^vg^^d-: U -7- At mmt' IJ 7- B ^ 

-7^ - H^ti-^tM^B L/L% LTim 

^):tc. mMt^^tm2oo&^zimi. mMifx 

nm%X'A^T--ivmitj:->tz... T-~)VffM. M 
'i§.tX<m^ Itzfh. m^-kmz . ±(.zryl IJ {zT^m 
^j:A^\)-7-Af)^h^j:h ^M} (citzryl-^ij plfi^t'U 
-7- B Z/^^-, <jrl.llg 1 fJ. mff) r S J Wmtl^ 2 - 3 /y. m 
e >y ^T-%-(cEit L Xv^tz. , -/*--;Hit(: U 7 

l//m>:/ir-5TV>/i„ ^-fc, l^t°iJ-^-Mix5-y^iS 

[0071 ]; «K^f*&r;U;^ mWiiZS'rim 
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.^iSdt^m'ia/::,. 

[ 0 0 7 2] US 6 : mz. [12i')ffi!i:^ ffll, >T. HiP 

^[^rlt^ffiffilBV aa-Tx 5 ^M4$:nmMmzx 

0 L r>: . .1 i» . X 5 .y m 1 0 0 7 -f > -f 

^/i 0 ommo-ifu-f s mm- i^-T^mmm 

2r 1 0 0 0 : ic^mmiitTU-^ltzhc^rChl ,.. 

c^MFt'^'m^Wimm22iz'7m uz. mv^tz-ymmmii. 
mmt^^^u s K ■ ^s-«si^ia-^!i*j^^)itftjt{4. 0. 

4wt%xt>-'tz... tfz. kWMtlx. i-y^ym'J 

mmmtL'ti^^'mzm , mmttxi o'v,s-^l /^„ 
[00 7 3] n\^mm2itmmiy<7)X3^ loou 

Miflimmi t X s .y ^ mBcrmzmEmmm m 

^■>'C. >PriiiI«®2l2r+l GOV, X 5 -y :?lHi^c2a: 0 V 
[00 74] mEEPinaf^ ■ amAtom?I/jWii&y>, 

^ixtc<^j:'>rz. zm<^x\ ^mmizmix^^^fz 
mKmui- ■kxmmi^izmf^Lx^^fz, mi^t. y 

t i^zx ->x , y~ hm.MmLfz'$m=Fmm^<,z 

[ 0 0 7 5 ] ^mmmxu. mmtmtJ^^ y 

m<mm±. M\^mmi. y-hmm, m^^^i-y^^ 
WM2<^^ii^eunmzi(^mmm2i(^)mE > y~ h 

1 0 t;mj±5r b-pjD t ^ c t i T mm^mx'h h , 

(- X->X lEtc^m IX \> ^tzi)^ . t ^z^mth i^^ii. , i^A 

±.tm L^:i:ff ^';)iE* ^ A^i#/. i^ik x-k < mmm 

[00 7 6] mmz. Ms^H^tms 0 o ftT-r- 
-/i'^ m d;ibizx^. imm ^ x = >•/ ^ 12112 1 <?) 

[00 77] IS 7 : mz. Wi^x S v^li^|S11i(- 

txmmuz. .icT-ffii^/cas^xs v^Mi. bs 
mmnmcoiLumm^ ( c - b n > ms^ m^,^ 

SBN-B) 0 0 nmff){,cr)X'hl. tfz. :i<r) 

Mi'^mm^z^^'^mmMifzm. imABomx 



[ 0 0 7 s ] ziMmmmmzi^\,y/-cff)tm-m 
mz jm^itti... fSL . sftjtii. 0. 2%yitz.. t 

[ 0 0 7 9] mn.mffmmt mm^z ix . mim±.'^c^-) 

MWik , y- Mf.{;ftt I fzWMMii'km^'yfz... 

■i^y&. 7mMm'mxmR3 5 oigt'r--;i/^tT=Sc 

'.'fzt^i^. »7X5 7.^l4i:j£fiLl.3i:orBlc7)Wi- 

[ 0 0 s 0 ] iTis : .iffu 0 ^zixmifzmi-miii 

mi'Ti uz, m3i>z^.i'X')^z. 7x-x7•^-^3 
1. I TOTy-Hmfiiii32. mmr^. m%WM. x 
^-^~35m^)mfx. M^^^'y/<-[>^^zmtmf 
fz. ^-fc, immm\,zmhwmi. y^y^-^. m. 
wmumv^-t^z^ M^i-^ y^^-m-'f'-Tr^^^^y 
rizx->x 1 oc7)^< -rxemh-inzmi^iitzm. 

XVtc-^fz. 

[ 0 0 S 1 ] C CT\ X^-- »f-35c7)S$i44 mint'* 

ixi>ovtL. ^m^iitzmdzmixii, m-rii- 

15V. +1 svtzy<^7xLfcJSS, «i^Sfetii3&i*fl:: 

[0082] xrb-i73^T^Mj^^f*tI^5/--:.T^ 

iCCOH*S:gitRL. m--c^.)^i^vMmmMifzmW:. 

W'^-O^ (4 3 .%Jill^i:JRt r) X V . 

[0083] <mmm 2 >mz . x i jjcm 
*^coii-o^i!if?ijSr*-r , z xmv^tzm=fijxii!,m^ 
<^ymmi. mzi^Kfzmmmnzi5\,^ximuzh<^t 
'm-xh?;>. V:iT. m^M'^x^^mizm?MT^iii 

IS 1 -6 : ±mmmm 1 izx ^^yf-mizn ti.cox% 
ic^X'z:: T'{4€B&i- 1. ... !ii}L<^)j:mz J; '9 . x s v ^ 
ffi*fc. ffitiui. MLVi-zmi'^'Jzi -y ^m-mf^ 

IS7 as^x5-y^ii^*Jlt/::, .izx-m 
v^fzwhi^ji^-y^mm. m^izm-^-xyhm^s i 

CilSS^Tl)^. tfz. Zffymk^imwUziOff)^^ 

i-7.4m — !mm<^)M^xi 1 0 ktqxzx 2 o-9fmM 
mm^m-tz t \zi o , ^m-u^fi-^^y^ :i.~y 
t^fiKLTws^tcoT'^s. ^mwnM^m,^^ 0 n 

mrch-yfz., 

[ 0 0 8 4 ] ^liis: . %mm 1 t-ffl I. >^fz i>ff)b m-m 
T^yj^~uz'm^^-fz„^ MAtm. ^^-mo. 
2%tbiz. tfz. i-y rytrJ Ji^^^^J^^ Si ca 
n.^i>zMtx 1 ojiM%fflt^/i. 
[ 0 0 8 5 ] ort:. mmm 1 coigs L/s^iit 
J: 0 . Si cmL'^'mmm±^^mm± . y-hme 
{■zmitzmmi:rii-^fz. ^lo^va. ^%mm^ 
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1 0 0 S G ] Jl^s : CO J: ol^zlxmUzm'f-ntii 
ory-K*^ll52, ^Tt/^rx ^fm-l=B4, .7.^1+;-- 

[0087] T./- 3 0 0 0 Vi;|55gL . X 

iztovti, mmntznmmixii. nmi- 
5\\ 5 V w Tx L^cMm . m^nmn^m- *) m 

mzhtz -^xmmmmrMiK l . m-crm'^x-mm^ 

rooss] <mim3>]:mz. :^.mizxim^.^ 
^mmmmmmmt^. mi ui:^mc')-mm 
mx$>myr^m'fc7^-^>mm^z ly^ immmx% 
^ . n 1 1 izTntx 3 izMT-mmoiomimyx 
i '^^^■^Tmmm^mm±iz^mmm:<^)/}v~ k 

^ >5oo2c^)±i,z<%mmmmm5!)07tK ^i^iz^r<^mz 

^fj y- A >5002i: 35;^LT^«:(cMiJ*c')>^- 

02t y^mt -7 h [) ^xm^mfS, ix 

>^oommmm5oi5iz^ii^ixm^iixmmmm 

$iXT t ,„ ^ y- Klti^ ^ >-5002.t y- hmmy-^ 

y5mtff)mmmmizti^^xit. hmmy^ >5o 
o^tmm5oo3y^mKixmmmmm5oo7izmt 

i±mmiz^wimw\-¥a~^ ^ y^%iif>^ f±vraftc^) 

r 0 0 s 9 : ■-m.~ormwri:h^,%^immsm^ 
^mxx%mL.tz^m%t\i. %=fmmoy<w^m.^ 

<mmmoMmzii^.^x<ry7^WJ:h ho^X'h '-T ^ro-y 

\ 0 0 9 0 ] Mz . -^mknormuw)^jM^tm 

[ 0 0 9 1] J? § 3 mmi7)X/ :7.XiK(.c , A g^-X h -J 
y i ymmh . .I<?)y/9X^£cmi 1 0 mmc^X: B 



Uxh:^r>>-7>*:^^ij, ^iL^^^.TL, trfM^ 
m% ^ ii- . . :k%^Vx 3 3 0 C , 2 ll#f?a^')avilfi|! 

Sr^tv \ ^ y- =)i^y xh I A «• y c - b n t^)®] 
*i-^7 '>/::,. - LtffiJ);Ji§^i/::«j|^^H3j$,j^^,jj;^.^:, 
P E P mizX nmmz^^f'~:^> yit: . =^.^3 e 

tm^m-iij^-mzti 102^1010 q c mc^m 
m<7ii,ffi^^cm'mzx*)^\.^i^ 

iti<mm7mimzs i o.,(7^mLTmm. mm-tfz 

ifflS: 6 OTUcffit,/,^//,, 3 0D#r«mt L. 7 v^^f^* 

LTis i o^MS: 1 OMmmm$mmmmjii.ty^ 

X5 -y .^;iT J>7. C: B N»Si-:^ffltz.^.ffivgttMTS y 
TO tu h X h ^ > a-h^iix^ -^r^tzlh 

[ 0 0 9 3 3 *gMil±tcx h 7 ^ rtto>^- 
my^y^. *v-Kit'7>f> tx5 .y^l/s"^_i. 

-hmmy^ ytmmtrM-^c;)PEPjmzx m 

JjSt L 7t U > X h vx t efc 0 - - y^' L T^ff i ^ 
^nyHvmon&R0co?L^-i^Sjfi;^: 3 0 o o«M - 
L/i. ^3i«(7)X.:/^>-^{i^^gg-^.-^^, Cc^jH^f^^p 
^fif'^<^)&^lz:Liy^m]^^'hfz^^ mmcn-n 

^--yyynmz:^ 5 ... ^a)c b Nf^e^^^Hc^vK^ 
*ISM*>/^$^i§, >ioa#ttlcx$ ym%il-ifi 
* y - Kieil±{:;2^ < ffM$ ^iT I ^1, c7:)f f^t^iaym 

. [ 0 0 9 4 ] C ') Lr#A,ii;t:?fJr#^0|g*^lf.t,^ s 
1 02^07 •yS?I^(±2. S%T-.?)i9. IMHzfliift 
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ABSTRACT 



A display device has an array formed on a substrate includ- 
ing a cathode wiring line layer, a gate wiring line layer and 
an insulating layer for electrically in.sulating the cathode 
wiring line layer and the gate wiring line layer from each 
other. Holes are formed al the cro.ssing portion between the 
cathode wiring line layer and the gale wiring line layer .so as 
to penetrate through the insulating layer, and resistive layer 
and an emitter layer are provided in the holes. The resistive 
layer has such a structure that conductive fine particles are 
dispersed in a ba.se material of insulating fine particles, and 
the emitter layer is formed of a fine particle material. The 
insulating layer between the cathode electrode lines and the 
gale electrodes is formed of a .silicon oxide film containing 
fluorine. When a large number of elemenl.s are formed over 
a large area in an electron emis.sion device using fine particle 
emitters, there can be provided electron emis.sion elements 
which can .suppress the uncvenness of the electron emission 
amount. According to the present invention, there can be 
provided a large-area and uniform display device which can 
be operated with a low driving voltage, and have a long 
lifetime. 
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ELECTRON EMISSION ELEMENT HAVIN(; 
RESISTANCE l AYER OF PARTICULAR 
PARTICLES 



BACKCJROUND Ol- niE INVENTION 

1. Field of Ihc Invciiiion 

The preseni invcniion relates lo an eleclron emission 
clemenl and a melhod of manufacturing the eleclron emis- 
sion element, and also lo a display device using (he electron 
emission clement and a method of manufacturing the display 
device. The prescnl invention is applicable lo an image 
display device, an electron beam exposing device, elc. 

2. Description of the Related Art 

Application of high electric field of aboul 10' (V/cm) 
level to the surface of metal or semiconductor induces such 
a phenomenon that electrons are emitted from the surface of 
metal or semiconductor into vacuum, and this phenomenon 
is called as "field emission". The lield emission is caused by 
tunneling of electrons in the vicinity of the Fermi energy 
level in metal or electrons excited up lo the conduction 
electron band into the vacuum level. However, in the case of 
the semiconductor, electrons located in the valence band or 
various levels existing between the bands, such as the 
impurity levels, the surface levels, elc. may be emitted. 

A field emission type cold cathode has such a merit that 
the electron emission current density can be set to a larger 
value as compared with that of a thermionic cathode. In the 
ca,se of thermionic cathodes, the field emission den.sily is 
limited lo aboul several lens of amperes per one square 
centimeter at maximum. On the other hand, with cold 
cathcxles, the electron emission current density of about 10' 
to l(r amperes per one square centimeter can be achieved. 
Therefore, use of the field emis.sion type cold cathode is 
particularly effective to design micron-sized miniature 
vacuum electron devices. 

An actual example of a vacuum micro-electric device 
using the cold cathode, was first reported by Shoulders in 
1961(Adv.Comput.2(1961)135). and he reported a method 
of manufacturing a O.l-micron size device and a minute field 
emission type diode by using the above device. Further, 
Spindt, el al. reported fabrication of an array structure in 
which a number of micron-.size cold cathodes (triodes) 
having gates formed on a single .substrate by a thin film 
technique (.1. Appl. Phys. 39 (1968) 3504). Following this 
year, various reports have been submitted. 

Various types of structures have been propased for the 
vacuum micro-electronic device. According to the report of 
Spindt, et al., there is proposed a structure having a micron- 
size minute conical emitter having a sharp tip and a eleclron 
extracting electrode (gate) having an open portion located 
just above the emitter. An anode is provided above the 
emitter. 

With .such a structure, the electric field is concentrated on 
the tip portion of the emitter, and the current of electrons 
emitted from the emitter to the anode can be controlled by 
the voltage applied across the gate and the emitter. 

As other examples of devices having the .same structure, ■ 
there have been reported various reports for manufacturing 
the devices having the same .structure by u.sing a method 
using anisotropic etching of Si (Grey's melhod), a mold 
method using a mold or the like. The common features of the 
conventional electron emission elements having the above ( 
structure resides in that each of these structures has an 
extremely .sharp emitter tip portion, the radius of curvature 



of which is equal lo about several nanometers, and that the 
electric field applied at the lip by the difierencc between the 
gale vollagc and the emitter voltage is increased 100 limes 
to about 10(K) times as compared lo ihe voltage dillerence 
divided by the gate-emitter distance, resulting from the 
ellcct of the concentration of the electric field al the .sharoly 
pointed tip of the emitter. 

The diameter of the opening portion of the gate ranges 
Irom Ihe micron order to the sub-micron order. An actual 
1" manulacluring process oflhe.se elemenls need lo po.silion the 
gate and the conical emitter inside the minule opening 
portion. 11 is leehnically and economically diflicult to per- 
form such a preci.se positioning work by using lithography. 
This difficulty can be avoided by using self-alignment 
1- techniques. However, u.se of such techniques rather caases 
. lots ol restrictions. 

For example, a manufacturing process based on Spindt's 
method will be described. 

First, after a gate opening is provided, a peeling layer is 
formed on the top surface of the gate while the film thereof 
IS prevented from being deposited inside the gale. 
Subsequenlly, an emitter material is vapor-deposited from 
the vertical direction. At this lime, the opening diameter of 
^ . the gale becomes gradually smaller due lo Ihe increa.se of the 
emiUer malerial adhering to the edge of the opening portion 
of the gate, so that a conical emitter is formed inside the gale 
opening. Thereafter, the emitter malerial adhering to the 
opening portion of the gate is removed by removing the 
,Q peeling .layer. 

As reported in J. Vac. Sci. Technol. B13(199.S) 487, a 
conical shape having an ideal ratio (diameter of bottom 
surface: height) (aspect ratio) can be formed when Mo is 
used; however, it cannot be formed when Ti or Zr is used. 
That is, the material usable for the emiller is limited lo 
special materials not only in con.sideration of the physical 
properties which directly affect the field emission 
characteristics, but also in terms of the shaping of the 
elemenls. Accordingly, the emitter material is substantially 
hmited lo Mo due lo a requirement for forming a conical 
body having an excellent shape in the vapor-deposition 
process. 

Likewise, Ihe emitter malerial is limited to Si in the gray 
method becau.se the lip of Ihe Si conical body is .sharpened 
45 by thermal oxidation in the Gray's melhod. 

These methods are loo low in flexibility to reduce the cost 
by reconsidering the process and the material. 

In order to widen the range of the materials usable for the 
emitter, it is required to loosen the restriction caused by the 
50 manufacturing proce.ss, and the following method is known 
to satisfy this requirement. 

This method directs to such an approach that an emitter 
having a single emission point is not necessarily located at 
the center portion of the gate, and but a plurality of emission 
55 points are provided in Ihe opening portion of the gate, 
thereby omitting the positioning work between the gate and 
emitter. Even when this approach is used, the eleclron 
emis.sion amouni is aclualiy prevented from being remark- 
ably lowered although the loss of ihe effective current due lo 
>o withdrawal of electrons emitted from the emitter by the gale 
is increased. 

■ In general, there are two factors influencing the intensity 
of electric field, al the tip of the emiller. The one is the 
sharjmess of Ihe lip of the emitter and the other is Ihe 
i5 distance between the gale and the tip of the emitter. Since the 
electric-fleld intensity is more greatly dependent on the 
sharpne.ss of the tip of the emitter, the above approach can 



be eircctivoly used. Accordingly, this approach makes ii 
easier luchnically and economically to form a large-area 
array of electron emission elements. Such an approach is 
classiliecl into two types. 

One type ol' approach relates to a method of providing an 
cleclric-lield concentration structure. For example, Japanese 
l-aid-open Patent Application No. Hei-8-329823 disclo.scs 
such a .structure thai an inlinite number of columnar cry.stals 
ol' heta type tung.slen are grown in the opening portion of the 



the re.spective crysta 

The other type of approach uses materials having .small 
work lijnction or small electron affinity. This method enables 
electron emi.ssion from a film having no discrete pointed 
portions. In general, as the work function or the electron 
aflinily is reduced, the field emi.ssion is more likely to occur 
Semiconductor materials having a broad band gap of about 
5 electron volts or more can be u.sed as materials having 
e.specially excellent characteristics for such a film. For 
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Two methods, a film formation method using vacuum 
deposition and a method u.sing line particles of NBA male- 
rial arc known for manufacturing an cleclron emi.s.sion 
element using the above NliA material/quasi NIZA material 
(hereinafter collectively referred to as "NEA material"). 

Various methods .such as a plasma CVD methwl, a hot 
filament ('VD method, a filtered cathode arc method 
(FC.VAD), a la.ser application method, etc. have been 
reported as- the vacuum deposition method for diamond. 



......... .^,,^.„.,s.,.^„„,^j,,^,„„,„,„„ opening ponionoi the reported as the vacuum denosilion method for Hi^m^.n,! 

inc ruspetiive trystaLs. mater a . s. The lilmv nr,.. .a i,., . 



»v,^ >-"-»Y^'«"v,.> lu. :,ucn a uim. for ol the him which can bt 

example as these materials are known diamond, boron 2" film forming apparatus 

nitride ol cubic or hevannn»1 cvci^m i:ik:...« n _ . 



vAoiiipic, incse materials are known diamond, boron 
nitride of cubic or hexagonal .sy.stem, lithium fluoride, 
calcium fluoride or the like which have extremely low 
electron affinities. 



■v''>-'" vYiiii,!! <iit lupicseniaiive INL.A 

materials. The films produced by these methods exhibit 
polycrystalline structure but, however, are relatively excel- 
lent in local uniformity in crystal grain. 

Conversely, when the electron emission element is 
applied to an electron .source used for a large-size electron 
exciting type flat panel display (FED), a large-size lilm 
tormmg apparatus, typically a vacuum chamber, is needed 
and this cau.ses increase of the cost. This is becau.se the size 
of the film which can be formed is limited by the size of the 



Further, the vapor-deposited film of diamond or the like 
has a large in-film .stress and thus it is liable to be peeled off 
For these materials, has been confirmed or suggested jloblim '"'""'^ ' ''''''''' 

that generally, the lowest energy levels of the conduction Tt,^c^ nr«Ki„^ , • ■ , , 
bands of these materials are lower than the vacuum level grals of sStT" "siJe I T"^ ''''''' 

compared to the enei^y slate of electrons under vacuum- «, p micron .size in place of the vapor deposition 
however, they are nearly equal to the vacuum level within hl?.n , "r""? ', " "-'^^'"'-^ 
the range from 0.1 to 0.5 eV or even higher thTn the vaTuum r f cubic system are indu.strially produced for 

level in .some crystal face directions. S maSk arT ''n Whca.ion to polishing particles for poli.shing, and they 
,-.ti.H ar'r. are are moderate in cost, so that this method is practical for 



called as "negative electron affinity (NEA) materials" or 
"quasi negative electron affinity materials" (for example J 
Vac. Sci. Technol. 613(1997)173.3); 

Each of lhe.se materials has such a property that electrons 
are emitted to the vacuum without strong electric field at the 
interface between the material and the vacuum because of its 
negative electron affinity (NEA) properly. This eflecl is 
realized by forming a conduction pa.ssage based on doping 
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torming a large-area electron emi.ssion element array. 

The structures and manufacturing methods of longitudinal 
type electron emission elements using such minute particles 
5 have been reported/developed in J. Vac. Sci. Technol BI4 
(1996)2060, U.S. Pat. No. 5,019,003, Japane.se Laid-open 
Patent Application No. Hei-8-241665, Japanese Laid-open 
Patent Application No. Hei-8-77916, Japanese Laid-open 
Patent Application No. Hei-10-92294 and Japanese Laid- 



material or in the bulk thereof and then iajecUnfelectron: '7 S '^h'T ZnooV"^'''' 
into the conduction band. ■'• ^ci- Technol. B14(1996)2060 discloses the fol- 

There has been also reported an experimental re.sult vZT """iT' ^""^'I'^S '^is technique, an emitter 
sug8e.sting that elec.ric-f.eld'electron emission oSrs frlm SoiTrriZci.lVr a'^ul.? a^ ^'*"f ^ ^ 
a conductive microsiructure formed in the bulk or on the , ^eposued on a substrate, and plural holes are 

surfacedbrexample. Science 282(1998)1471) However in T P>erce through the gate film and the 

this ca.se. the electron emission does no. necessarily o.xur , f /"^ ^ T' i''"'"""'' (P^^"'^''^ 

from the conduction band unlike the electron emiS l3 f eh " ° t"' T' ""'i'^'^" '""'^ '° 

. . roughen the .surfaces thereof, and then dispersed and pasted 

in conductive matrix. Thereafter, the paste (4005) thus 
obtained is filled into the holes on the substrate by a 
•squeegee (4004) to form an electron emission element as 
shown in FIG. 7. However, the emitter line layer and the gate 
film of the element thus formed are .structurally liable to be 
short-circuited by a conductive ba.se material and thus it is 
low in reliabihty. 

The .specification of U.S. Pal. No. 5,019,003 disclo.ses an 
emitter having such a structure that a plurality of line 
particles (diameter of 1 f,m) are fixed on a substrate 100 by 
binding agent 101 as shown in FIG. 8. This structure is 
characterized in (hat the sharp corners of the fine particles 
project from the binding agent. Conductive fine particles 
201 or insulating fine particles 203 covered by a conductive 
film 202 may be u.sed as the fine particles. Mo, TiC or the 
like may be u.sed as the conductive material. The specifica- 



on NEA. But the electron emi.ssion occurs from local levels 
due to defects or the like existing between the bands or from 
the valence band. Therefore, the electron emis.sion are not 
necessarily induced by a mechani.sm which positively uti- 
lizes small electron affinity. 

However, most of these materials have excellent charac- 
teristics in surface chemical stability and thermal - 
conductivity, and thus the field emission characterLstic ' 
thereof is le.ss sen.silive to the variation of the .surface slate 
and thus more stable as compared with the field emi.s.sion 
from the metal surface of Mo or the like. 

An electron emission element u-sing a projecling structure o 
of metal material does not stably operate "under a normal 
condition unless it is kept under an atmo.sphere of Kr' torr 
or less because its characteristic is very .sensitive to the 
surface .state. On the other hand, it has been suggested that 
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emillers 201 proviclecl on the subsiralc are covered by an 
insulating lilm 4()9 and gales 401 are arranged on ihe 
insulaung (ilm m as shown in IKJ. 9. l-urlher, an insulaling 
d m 402 IS disposed on Ihe gales 401, and a lrans))arenl lace 
plalc 404 having a lunclion as an ancKle eleclrode and a ^ 
phosphor layer 403 are disiwsed on Ihe insulaling lilm 402. 

In realily, however, il is nol easy lo uniformly provide 
plural hne panicles over a large area by ihe melhod as 
disclosed in Ihe above U.S. paienl. In order lhal lots of 
electrons are emilled, the .sharp corners of Ihe tine particles n 
are put lace sides up. However, Ihe probability that the sharp 
corners ol the line particles are pul face up is nol high and 
most ol panicles do not function as emitters. 

In general, the distribution of such parameters as geomet- 
ric enhancement factors among re.speclive electron emission 
elements results in much broader di.stribulion of the electric- 
tield/current density characleri.slit-s, due lo Ihe non-linearity 
ol the field emission. Particularly in a ca.se where an 
application of Ihe electron emission elements to a display is 
assumed, Ihe characteristics must be unifomi among pixels 
when the elements are added with gates and fabricated as an 
array. 

_ Accordingly, il is required that plural electron 



panicles 938 Ls dispo.sed on Ihe emitter line layer 932 
through a conductive spacer layer 936 as shown in FIG H 
The conductor 940 is formed by combining a depo.sition 
melhod .such as a sputtering method. An insulaling layer 
914ft and a gale lilm 907ft are provided .so as to surround the 
conductor 940 containing Ihe emitter line particles. 

In this .structure, Ihe reliability of the iasulating lilm is 
improved becau.se Ihe emitter materia! does not extend into 
underneath the insulating lilm unlike the .structure described 
alwve. However. Ihe deposition process and the patterning 
process are u.sed lo form electron emi.^sion elements, and 
thus the size ol the array of the electron emission elements 
which can be labricated is limited by the .size of a depo.sition 
apparatus and an exposing apparatus as in Ihe case of the 
Spindt method. 

Further, according to Ihe melhod disclo.sed in this 
publicalion, .some portions of the insulaling film and the gate 
him which are located above the electron emission portions 
are removed by using lift-off of the resist when the insulating 
mm and Ihe gale film are disposed. However, it is techni- 
cally difficult lo perform this method becau.se ihe sum of Ihe 

..H-rcu .na, p.ura, electron emLs.sion ,o , '!'/m'^Thiri^' T''''"?/^^ 

elemenis constituting ,,,xels should have subrntX the Insui bleTor 1 r ^ '"^ ""^'""^ ''^ 

same characteristic distribution among Ihe pixeS Sfot ^"^ iem m arr^y a large-area electron emi.ssion 



"..^".iiMi aiiKuiguic pixels, inereiore, 

m order to make the characteristic distribution uniform 
among the pixel.s. it is necessary that a lot of electron 
emLssion elemenis are contained in each pixel so thai the 
averaging.ettect can be sufficiently exhibited. 

When the size of each pixel Ls equal to about several 
hundreds mm square,, the maximum number of gale opening 
portions which can be placed within each pixel is equal lo 
several thousands. However, if the fraction of electron 
emi.ssion elements which do not operate due to unevenness 
ot the arrangemenl and direction of fine particles is not 
sufficiently low, the averaging effect is remarkably lowered 
to the extent thai it causes non-uniformity of display which 
IS not allowed in a display. 

In addition, the fine particle emitters 201 are located 
underneath the insulating film in Ihe structure shown in FIG 
9, SO that dielectric breakdown is liable to occur in this 
structure. The thickness of the insulaling film must be 
increased to achieve a sufficient withstanding voltage, and 
thus the operating voltage rises up. 

The Japanese Laid-open Patent Application No Hei-8- 
241665 also disclases electrode emis-sion elements using 
fine particles having Ihe same structure. However this 
publication uses as the fine particle material diamond par- 
ticles activated by hydrogen plasma. The fine particle mate- sc 
rial ot this publication has no specific direction in which ' 
electrons are more liable to be emitted, and electron emis- 
sron occurs from many fine particles. Further, Ihe particle 
diameter is .small (ranging from 10 lo 300 nm), so that a 
large number of fine particles can be placed within an unit 55 
area and Ihe averaging effect can be effective. In the slruc- 
lure shown in FIG. 10, a plurality of diamond particles 53 
are disposed on a conductive .surface 52 provided on a 
substrate 51, and mask particles 62 are disposed on the 
diamond particles 53. Thereafter, an in.sulating film 60 and go 
a gale film 61 are deposited while the ma.sk particles 62 
function as masks. This structure .still has the problem in 
dielectric breakdown, and any method of forming a fine 
particle film uniformly is not disclo.sed 



In the case ot the Japanese Laid-open Patent Application 
No. Hei-10-92294, an insulating layer 1003 and a gate 
eleclrode line 1004 are disposed on a lower substrate 1001 
,0 and a cathode electrode line 1002. Further, an opening 
portion 1005 is provided and fine particle emitter material is 
injected from a nozzle into the opening portion 1005 
together with high-pressure gas to form a thin film 1007 In 
this method, however, il is difficult to adjust the amount of 
,j fine particles deposited in the opening portion and non- 
umforraity of display is liable to occur when the electron 
emission elements thus formed are applied to a display In 
addition, the gate and the emitter are liable lo be short- 
circuited in the process of forming the electron emis.sion 
element. 

The common problem in Ihe examples of the electron 
emission elemenis using Ihe fine particles described above 
resides in lhal when these elemenis are applied lo a display 
11 IS required that the maximum amount of current emitted 
,5 from the electron emission elements within each pixel 
cannot be limited. This requirement must be satisfied to 
suppre.ss occurrence of unevenne.ss in brightness 
Accordingly, « is required that an element for limiting the 
maximum current is installed in each pixel, preferably in 
;o each electron emission element. However, any conventional 
technique described above does not install any structure for 
hmiling the current. 

An electron emi.ssion source and a di.splay device u.sing 
the electron emission source disclosed in Japane.se Laid- 
5 open Patent Application No. Hei-10-92298 are known as a 
display device using electron emission elemenLs, for 
example, an extremely thin type display device. The electron 
emission .source and the display device described above will 
be described with reference to FIGS. 13 and 14. 

In the conventional electron emission .source, a plurality 
ot stripe-shaped cathode eleclrode lines 5002 are formed on 
the surface of a lower substrate 5001 formed of glass 
material, and a thin film 5007 of material having a .small 
work function is formed on these cathode electrode lines 
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cross I he rcspcciivc cathode electrode lines 5(H)2. The cath- 
ode electrode lines 5(M>2 and the gale electrode lines 5004 
are formed in a matrix structure. Each cathode electrode line 
5002 and each gate electrode line 5(M»4 are connected to 
control means 5015 lo control the driving operation thereof. 

In each cro.ss area between the calhode electrode line 
5002 and the gale electrode line 5004, a loi of sub.siantially 
circular holes 5005 are formed .so as lo pierce through the 
gate electrtKle line 5004 and the in.sulating layer 5003 and 
extend to the thin lilm 5007, and the thin lilm 5(M)7 at the 
bottom portions of these holes 5<M)5 form a cold cathode. 

f'lG. 14 shows a display device using this electron emis- 
sion source. The di.splay device 5020 comprises an electron- 
emission member having a number of electron emi.s.sion 
.sources 5012 arranged so as to constitute a display screen, 
and an upper substrate 5028.dispo.sed so as to be spaced 
from the electron-emi.ssion member at a predetermined 
interval in the electron emission direction.. Stripe-.shaped 
lumine.scent plates 5029 coated with pho.sphor which are 
arranged in parallel to the gate electrode lines 5024 are 
formed on one surface of the upper .sub.slrale which faces the 
electron emi.ssion sources 5012. The gap between the elec- 
tron emi.ssion .sources 5012 and the luminescent plate 5029 
are kept under vacuum. 

Next, the driving operation of the di.splay device 5020 
thus fabricated will be described. When the control proce- 
dure .selects one of the cathode electrode lines 5022 and one 
of the gale electrode lines 5024 and applies a piedetermined 
voltage acro.ss them, electrons are emitted from the electron 
emission source 5012 at the cross area between them. 
Further, the electrons are accelerated by a voltage applied 
across the cathode electrode line 5022 and the upper sub- 
strate 5028 serving as the anode, and hit the phosphor on the 
luminescent plate 5029 to emit visible light, thereby forming 
an image. 

The cross area between the cathode electrode line 5002 
and the gate electrode line 5004 constitutes a capacitor using 
an insulating layer as a dielectric layer. The electrostatic 
capacitance (parasitic capacitance) Q of the capacitor is 
represented as follows: 

e^: the permeability of vacuum 

e: the permeability of the in.sulating layer 

A: the area of the cro.ss area 

d: the lhickne.ss of the insulating layer 
Therefore, the power W consumed at the capacitance portion 
under the driving operation is repre.sented as follows: 

2H'.2/>/i?V2 (2) 

f: driving frequency 

V: driving voltage between gale and emitter 
In a conventional light emitting element and a display device 
u.sing the light emitting element, SiO, is generally u.sed as 
the material of the insulating layer 5(K)3. The dielectric 
coaslant of the SiO^ thin film formed by CVD or the like is 
equal to about 4.3, and the parasitic capacitance expre.s.sed 
by the equation (1) is increa.sed to the extent thai it cannot 
be ignored, so that the consumption power of the di.splay 
device is increa.sed. Further, the thickness of the in.sulating 
layer must be increa.sed lo suppress the parasitic capacitance 
within a permissible range, and thus there occurs such a 
problem that the di.stance between the gate and the emitter 
must be .increa.sed, resulting in increa.se of the driving 
voltage. 



As described above, in the conventional electrode emis- 
sion elements, the .structure of the clement is simplified by 
forming the electron emission element of line particle 
material, and a high-co.st vacuum film forming process can 
5 be replac-ed by a non-vacuum process. However, the con- 
ventional techniques have such problems that the reliability 
of the insulating film cannot be .suUiciently ensured from the 
.structural viewpoint and the short-circuiting between the 
gale wire and the emitter wire occurs. 
„j I'urthermore, the conventional techniques have a problem 
in that the current flowing in each emitter is not limited 
becau.se the uniformity of di.splay mu.st be kept when the 
electron emission elements are applied lo a display. In 
addition, there has not been achieved any method which can 
J, suppress occurrence of unevenncs-s/defects over a large area 
without using a vacuum process and u.ses fine particles 
uniformly. 

SUMMARY OF THE INVENTION 
Therefore, an object of the present invention is to provide 
an extremely thin type di.splay device with laige picture 
forming area and long lifetime which can be operated with 
a low voltage. 

According to the pre.sent invention, there can be imple- 
mented the structure of electron emission elements which 
ha.s high reliability of insulation between a gate film and an 
emitter film and has a function of limiting the amount of 
current emitted from each emitter. Further, a number of the 
elements can be uniformly manufactured over a large area 
,0 by using a non-vacuum process. 

According to the structure of the electron emission ele- 
ment and the manufacturing method of the electron emission 
element of the present invention, (here can be manufactured 
an electron emission element array which hmits the emis- 
_„ sion amount of electrons from each emitter and has a 
uniform characteristic over a large area. Further, electron 
emi.s.sion elements using lots of fine particles can be formed 
over a large area with suppressing occurrence of 
unevenne.ss/defecls by using the non-vacuum proce,ss. In 
addition, the .short-circuiting between the gate wire and the 
emitter wire can be suppre.ssed in the formation process of 
the electron emission elements. 

According to the pre.sent invention, there can be achieved 
a sufficient current limiting effect which is inherent to a 
45 resistance layer comprising an in.sulalor and a conductor 
dispersed in the in.sulalor. Accordingly, when electron emis- 
.sion elements u.sing fine particles are applied lo a large-scale 
display, unevenness of display and occurrence of pixel 
. defects can be effectively .suppres.sed. 
50 Furthermore, by applying the formation melhod of the 
elements to an electrophoresis method, the resistance layer 
and the fine particle layer can be uniformly and selectively 
deposited on the emitter wire within the gale opening 
portion, so that the short-circuiting between the gale and the 
55 emitter can be .suppressed and the reliability of the operation 
can be remarkably enhanced. 

The pre.sent invention provides a field emission element 
comprising: a board; a cathode layer formed on said board; 
an in.sulaling layer formed on said calhode; a gale layer 
60 formed on said insulating layer; a resistance layer formed on 
.said calhode in an opening of said insulating layer and .said 
gale layer, said resistance layer coasisling of conductive 
panicles and resistance particles; and an emitter layer 
formed on said resistance layer, .said emitter layer coasisting 
65 of particles. 

The present invention also provides a field emission 
display comprising; a board; a cathode layer formed on said 



us 6,563,260 Bl 



board; an insulating layer I'ormucI on said calhode; a gale 
layer formed on said insulating layer; a resistance layer 
formed on said cathode in an opening of said insulating layer 
and said gate layer, said resistance layer consisting of 
conductive particles and resistance particles; an emitter layer 5 
formed on said resistance layer, said emitter layer consisting 
of particles; an anode layer op|X)sile said board; and a 
luminescent layer on said anode layer. 

Further, the present invention provides a method for 
manufacturing a field emission display comprising: forming J" 
a calhode layer on a board; forming an insulating layer on 
said cathode; forming a gate layer on said insulating layer; 
forming an open in said insulating layer and said gate layer; 
forming a resistance layer on said cathode in said open by 
electrophoresis, said resistance layer consisting of conduc- 
live particles and resistance particles; and forming an emitter 
layer on said resistance layer by electrophoresis, said emitter 
layer consisting of particles. 

BRIEF DESCRIPTION OF THE DRAWINGS 21) 
FIG. 1 is a .schematic diagram showing an example of the 
structure of an electron emission element of the pre.senl 
invention; 

FIGS. 2(n) and 2(ft) are schematic diagrams showing a 
method of forming a resistance layer and a fine particle 
emitter layer in the electron emission element of the present 
invention; 

FIG. 3 is a graph showing the relationship between the 
fluorine concentration and the dielectric constant in SiO, jto 
thin film containing fluorine in the present invention; 

FIG. 4 is a .schematic diagram .showing an application of 
the electron emission element of the present invention; 

FIG. 5 is a diagram showing the crossing portion between 
an emitter layer and a gale line layer of the present inven- 
tion; 

FIG. 6 is a cro.ss-seclional view schematically showing a 
part of a di.splay device of the present invention; 

FIG. 7 is a partially cro.ss-seclional view showing a 40 
conventional electron emission element and a method of 
forming the electron emission element; 

FIG. 8 is a cras.s-sectional view showing another conven- 
tional electron emission element; 

FIG. 9 is a cro.s.s-sectional view showing another conven- 
tional electron emis.sion element; 

FIG. 10 is a partially cross-.sectional view showing 
another conventional electron emi.ssion element; 

FIG. 11 is a cro.ss-sectional view showing another con- 
ventional electron emission element; 

FIG. 12 is a cro.ss-sectional view showing a conventional 
display device; 

FIG. 13 is a perspective view showing a conventional 
emission .source; and 55 

FIG. 14 is a penspeclive view showing a conventional 
display device. 

DETAILED DESCRIPTION OF THE 

PREFERRED EMBODIMENTS g,, 

Electron Emission Element 

A preferred embodiment of an electron emis.sion element 
of the present invention will be described. 

FIG. 1 is a schematic diagram showing an example of the 65 
structure of an electron element of the present invention. In 
FIG. 1, referfence numeral 1 represents a substrate, reference 
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numeral 2 represents a cathode electrode line layer, refer- 
ence numeral 3 represents a resistance layer, reference 
numeral 4 represents an emitter fine particle film, reference 
numeral 5 represents an insulating layer, reference numeral 
6 represents a gate wiring layer and reference numeral 7 
represents an opening portion. 

The substrate 1 is formed of any material selected from 
the group con.sisling of a laminate obtained by coating an 
in.sulaling film of SiO, or the like on the .surface of quartz 
glass, Pyrex glass, .soda lime glass or .stainless, an aluminum 
plate coated with a barrier type anode oxidizing film and Si 
wafer When an application to a display is assumed, it is 
isret'erablc that the material is hardly deformed and has ii 
thermal expansion coefficient near to the front plate of the 
display, and it is suitably .selected in consideration of factors 
such as cost, etc.. 

An emitter line layer 2 is formed on the substrate 1. In 
general, conductor materials can be used as the material of 
the emitter line layer 2. For example, it may consist of metal 
such as Ni, Cr, Cu, Au, Pi, Ir, Pd, Ti, A], Mo, W or the like, 
or alloy thereof, and preferably it may be formed of a 
material having low resistance, high thermal conductivity 
and high melting point. The film thickness of the emitter 
wire layer 2 is .set to about 100 nm to 50 fim, preferably 
about 5(K) nm to 20 //m. The emitter wire layer 2 is formed 
by a depo-sition method such as a sputtering method or the 
like, preferably by a printing method or a plating method. 

An insulating layer 5 and a gate line layer 6 are provided 
on the emitter line layer 2, and an opening portion 7 is 
partially provided. A film of SiO,, Al.O^, MgO, Ta^O, or the 
like may be used for the insulating film 5, and it is formed 
by various methods such as a vacuum-depo.sition method (a 
sputtering method, etc.), a liquid-phase growth method 
(LPD method, etc), an anodizing method, etc. Of the.se 
methods, the LPD method can provide in.sulating films 
conveniently by liquid phase growth. Therefore, the SiO, 
film formed by the LPD method is preferably used. Even 
when no film can be formed on the emitter line layer 2 due 
to selectivity of a back film under use of the LPD method, 
the LPD method can be applied by forming the back film of 
SiO; in advance with ia CVD method or the like. 

A conventional conductor material can be used for the 
gate line layer 6. The film thickness thereof is .set to about 
1()0 nm to 5 fan, preferably about 200 nm to 1 /m. As in the 
case of the emitter line layer, it may be formed of metal such 
as Ni, Cr, Cu, Au, Ft, Ir, Pd, Ti, Al, Mo or W, or alloy thereof. 
Preferably, a material having low resistance, high thermal 
conductivity and high melting point may be selectively used, 
and the deposition method .such as the .sputtering method or 
the like, preferably the print method or the plating method 
can be used. It is nece.s.sary to pay attention to adhesiveness 
to the back film. When .sufficient adhesiveness to the back 
film is not achievable, it is preferable to form an extremely 
thin film of metal of Ti or Cr between the gate wiring layer 
6 and the back film as an adhe.sive layer. In place of u.se of 
the adhesive layer, the surface of the insulating film can be 
made .sufficiently hydrophobic by u.sing an anneal treatment 
under liydrogen atrao.sphere. 

The opening portion 7 penetrating through the; gale wiring 
layer 6 and the insulating layer 5 is .substantially circular. 
The diameter thereof ranges from 200 nm to 10 //m, and 
preferably within the range from 500 to 2 //m. The opening 
portion 7 can be formed by a patterning treatment after the 
insulating layer 5 and the gale wiring layer 6 are formed. A 
sacrificial layer which is formed before the in.sulating layer 
5 and the gate wiring layer 6 are formed and dissolved after 
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Ihe gale wiring layer 6 is lormcd is provided in advance, and 
lill-oir procedure is carried out. 

. 'l"he resistance layer 3 and ihe emitter line particle layer 4 
arc provided in the opening portion. In the resistance layer 
3, conductive line particles 3/) may be dispersed in an 
insulating base material 3«. Inorganic materials such as SiO, 
or the like, organic materials such as lelkm or the like may 
be used as the insulating base material 3a. 01" these 
materials, line particle material of polyimidc is prefcrably 
used. The particle diameter is preferably equal to 5 nm to i 
5(t() nm, more preferably to 5 nm to 50 nm. The organic 
materials such as polyimidc or the like are remarkably liable 
to adsorb water, and desorbs the water thus adsorbed under 
the vacuum. Therefore, it is generally unsuitable for the u.se 
under (he vacuum. However, Ihe amount of Ihe organic J 
material used in the .structure of the present invention is 
extremely .small, and it is practically u.sable without any 
ob.struclion. Particularly when the organic particles arc used 
they are preferably u.sed after subjected to a sufficient gas 
discharging process. 2i 

General metal material or carbon-ba.sed material may he 
used for the conductive fine particles 3b. When polyimidc 
fine particles are used for the iasulating ba.se material 3rt, the 
carbon-based material is more preferable becau.se it can be 
more uniformly dispersed in the ba.se material. As the -■ 
carbon-based material may be used graphite fine particles, 
amorphous carbon fine particles, fullerenes, carbon 
nanofiber, graphite nanofiber or the like. 
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material, reference numeral 24 represents voltage applying 
means u.sed in the film forming proce.'is, and reference 
numeral 23 represents the interval between the counter 
electrode and the .substrate of the electron emi.ssion element. 
Not shown is the container in which the above elements are 
placed. 

In the present invention, both the resistance layer 3 and 
the fine particle emitter layer 4 are preferably deposited and 
lormcd by electrophoresis, and thus the arrangements in 
FIGS. Ha) and 2(h) are the same. 'I'he spacing 23 between 
the counter electrode and the substrate of the element the 
dispersing solvent 22 and the voltage to be applied by the 
voltage applying means 24 are determined in cx>nsideralion 
ol Ihe conditions described below. 

That is, electrophoresis is a technique of immersing a pair 
ol electrode plates facing each other in solvent and applying 
a voltage between the electrode plate.s. Here, the fine par- 
ticles are dispersed in the solvent, and the dispersing solvent 
IS lasulating. The fine particles are attracted to one electrtide 
plate and depo.sited thereon by the voltage applied acro.ssthe 
electrode plates. The application of the voltage induces 
electric field in the .solvent, and the charged fine panicles are 
moved by the electric field. Normally, Ihe material is 
charged in .solvent due to Ihe effect oft potential owned by 



the material itself; however, the s 



charge Ihe 



harged material carries is insufiBcieni to perform the elec- 
trophoresis. Therefore, Ihe fine particles are usually arlifi- 
n.-»m^n,i ..o .• 1 c • , • charged by adding melallic .salt into Ihe solvent, and 

e,.;prrv ! P^"":'* '''^'"S ^'f'=""'""'"'>Ph"ietiale. magnesium naphlhenale or ihe like 

. u?^ ^. 1'!!:""" "'^""y ^'^ ^"ron nitride of -"^ may be used as the metallic salt. 

The condition that electrophoresis occurs is dependent on 
Ihe dielectric constant of Ihe solvent, the dielectric constant 

The particle diameter of (he.se fine particle materials is set 
to 5 nm to 5(K) nm, preferably ranging from 5 nm to 50 nm. 
It is preferable that the diamond fine panicles c 



cubic .system (c-BN), boron nitride of hexagonal .system 
(h-BN), aluminum nitride (AIN), etc. may be used for the 
fine particle emitters 4 u.sed in Ihe present invention. Further, 
fine particle materials of oxide material such low work 



particle materials of boron nitride of cubic .sy.stem (c-BN) ' 
boron nitride of hexagonal .system (h-BN) or aluminum' 
nitride (AIN) are .subjected to an activating treatment before 
they are used. In the case of diamond, it Ls preferably 
subjected to a hydrogen plasma treatment, or an oxygen 4. 
plasma treatmenl and a hydrogen annealing treatment. In the ' 
case of c-BN and h-BN, it is preferable that they are 
.subjected to the hydrogen plasma IrealmenI, Ihe oxygen 
plasma treatment and the hydrogen annealing IrealmenI, or 

the hydrofiuoric acid treatmenl. In the ca.se of AIN. it is 50 eleclrophoresi.s.'il'' is .sufficiem 



about 1000 V/mm. 

Here, it is noted that the term electrophoresis is often 
confused with dielectrophoresis. Dielectrophoresis is a tech- 
nique which does nol move charged fine particles by apply- 



ing electric field, bul moves polarized fine particles by' the 
grade of electric field. Accordingly, an alternating electric 
held IS usable in dielectrophoresis, and the intensity of 
electric field may be set to about 1 V/mm. Both electro- 
phoresis and dielectrophoresis are de.scribed in detail in 
"Encyclopedia of Science and Technologies" issued by 
Nikkan Kogyo Shinbun Co., Ltd. (1996) and in other papers. 

Accordingly, in order to use the film forming method for 
the resistance layer and the fine particle film by u.sing 
the ratio of Ihe voltage 



preferably subjected to the hydrogen plasma treatment, Ihe 
oxygen plasma IrealmenI and the hydrogen annealing 
treatment, Ihe hydrofluoric acid treatmenl or an alkali treat- 
ment. These "materials are preferably doped into n-iype or 
p-type, and more preferably doped in(o n-type. 

In the case of diamond, it is preferable that .substitutional 
nitrogen doping is conducted, and in the ca.se of c-BN. it is 
preferable that sulfur-doping is conducted. 

Next, the method of manufacturing the electron emi.ssion 
element according to the present invention will be described 
with reference io FIGS. 2(a) and 2{b). FIGS. 2{a) and 2ih) 
are diagrams .showing a method of forming ihe resistance 
layer 3 and the fine particle emilter layer 4, The reference 
numerals 1 to 7 used in FIGS. 2(a) and 2(b) corre.spond to 

those of FIG. 1 Reference numeral 21 represents a counter' 65 (insulating base malerial)^ (conductive fine'uarticlesw'im- 
electrode used in Ihe film forming process, reference to 100000:1 is dispersed inToTveS lo to 
numeral22representsdispei.ing.solvenlforthefineparticle of (iasulaling mLiallon^^^^^^ 



(V) and the mterval (mm) between the counter electrode and 
Ihe element substrate to about 1000 V/mm. Preferably the 
voltage ranges from 100 V to 500 V, and the .spacing ranges 
trom 100 fim to 500 /m. For example, when the voltage 
apphetl across Ihe counter electrode and the element sub- 
strate is .set to 150 V. Ihe distance between the two may be 
.set to 150 /<m. 

In Ihe method of forming the electron emission element of 
the present invention, the resistance layer3 is first formed by 
eleclrophoresis as .shown in FIG. 2(a). Al this lime, iasulal- 
ing organic .solvent may be used as the dispersing solvent 
and, for example. isoparafBn is preferable. 

In this ca.se, Ihe mixture of iasulating base material and 
conductive fine particles which are mixed i 



us 6,563,260 Bl 

13 14 

solvcnl IS equal lo ahoul 10 lo 0.1 %. Further, metallic .sail i.s cliode-typc .structure having Parallel Hal plates, about 10(K) 

dissclvccl m solvent in a weight ratio of about 1 lo 0.01%. /,m is required as the electric field lietween the emitter and 

When a voltage is applied acro.ss the counter electrode 21 'he gale which induces electron eniission sufficient lo excite 

and the emitter wire 2 by the voltage applying means 24, the 'he phosphor on the lace plate. 

charged line particles are moved to induce current How, and s ['urther, when the cold cathode is formed of line particles 

the current thus induced is gradually reduced. Here, the like the present invention, the electric lield is concenlraled 

positive/negative sign of the voltage thus applied is depen- more locally as compared with the parallel Hal plate 

dent on the positive/negative .sign of the charges of the .structure, and the intensity of the concentrated electric field 

charged line .particle materials. When the metallic salt is is about KK) limes as large as the conical type emitter 

added, the line particles are charged po.silively, and thus the JO Accordingly, the minimum electric lield which is actually 

liias voltage is applied so that the emitter wire 2 is negative. required between the gate and the emitter is estimated to be 

Only a small amount of salt adheres lo the particles, having equal to one hundredth of 10tK)V///m that is 10V//(m 

little elfecl on the character of the particle. When thecurrent ,„ order to u.se this display device as a wall-suspended 

.s .sufliciently reduced, the application ot the voltage is ,e,evi.sion for hou.seholds, the con.sumption power is 

7" • required to be le.ss than 2(K)W, and the driving voltage 

Further, it is prelerable to add a step of applying a positive between the gate and the emitter must be reduced down to 

bias across the gate layer 6 and the counter electrode 21 lOOV or less. In order to apply 10V///m lo the emitter 

immediately after the application of the voltage is stopped, provided in the gate when the voltage between the gate and 

thereby removing the re.sistance layer deposited on the gate the emitter is equal to lOOV, about 1 /<m or le.« is needed to 

layer. It is further preferable that means tor applying ultra- be .set. These values are examples, and they are' actually 

sonic wave is installed in the arrangement of FIG. 2(a) in dependent on the structure between the gate and the emitter, 

order to keep dispersion of the fine particles. prom the viewpoint of the power consumption efficiency, 

It is still further preferable that after the resistance layer the parasitic capacitance between the gale and the emitter is 

3 is .selectively deposited on the emitter line layer in the required to be equal to about 5 pF or le.ss per pixel. This 

opening portion 7 by the above method, an anneal treatment ' means that the parasitic capacitance is equal lo 1.67 pF per 

is carried out under vacuum or an inert atmosphere. The dot for the following reason. When a display is driven the 

annealjemperaiure is preferably set between about 200' C. charging/discharging of the para.sitic capacitors is carried 

to 400° C. out in each pixel. Under the condition that the number of 

The resistance layer 3 is formed to a thickness of about ,o pi"^!* equal to about 2000x1000x3 and the rewriting 

200 nm to 500 nm as described above. frequency per second is equal to about 100 times, the 

Finally, the fine particle emitter film is deposited as shown number of parasitic capacitors which are charged/discharged 

in FIG. 2(6). The film forming method at this time is the per.second isequal to about 6x10* at maximum. When lOOV 

same as the film deposition method of the resistance layer applied to each parasitic capacitor to charge the parasitic 

described above. However, the fine particle emitters 4 are .?5 capacitor, the energy required to charge/discharge each 

dispersed in the .solvent. The film thickness of the fine parasitic capacitor once is equal to SOOOxQ joules, where Q 

particle emitter film thus formed is preferably set to the level repre.sents the parasitic capacitance of each parasitic capaci- 

of about one layer to two layers. Therefore, the power consumed by the parasitic capaci- 
tors is equal to SxlO'^'. If the total power consumption is 

Display Device 40 below 200W, the power coasumption by the electrostatic 

... capacitance can be .suppressed to about 10%. Accordingly, 

A display device ot the present invention includes a first ,he electrostatic capacitance at each dot is equal to 20/3x 

.substrate on which cathode electrode lines, an emitter layer, lo^a 5 j^^^i^^ ,he space between the 

an in.sulal.ng layer and gale electrode lines crossing the pixels is equal to 3.5 //m, the size of each dot is equal to 415 

cathode electrode lines are formed in this order, and a second /,xll5 ,im and the area is equal to 4.77xl0-« m= From the 

substrate which comprises an anode wiring layer and a ^- equation and the following equation: A=4.77E-8m2, Q<1.67 

phosphor layer and is disposed away from the first sub-strate pp, 

through vacuum so as to confront the first substrate. Here, ■ 

the display device is characterized in that the insulating layer 6/rf<J.95xio'«r' 

on the first substrate is formed of an SiC film containing ,„u.„ „ , . ,u j- ■ , • 

- ^ so where e represents the dielectnc constant required of the 

, , ' insulating layer. Since the distance between the gate and the 

In the present invention since the lasulating layer of SiO. emitter which is required to induce emission of the electrons 



on the first substrate preferably contains fluorine, an in.su: jg equal to 1 fim at maximum, by using d=10xl0-«m. 
lating layer having a remarkably low dielectric constant can 

be achieved. The dielectric constant of an SiO. film formed €<3.95 (4, 

by a normal thin film forming method which is repre.sented Tr,„ , , • , . ,, ■ 

by the chemical vapor deposition method (CVD) or the jrhl^t T "'"'^T^^^T'^'^ "'^"'T 

high-frequency sputtering method is equal to about 4.3. On f '^hievable by the normal SiO, fi m, and it can be achieved 

the other hand, the dielectric constant of the iasulating layer ^Vrc ^/""""^ f ^,?r ^''"^ '^^7''"" f^) 

of the pre.sent invention is equal to 4.0 or le.ss. ^: " "^f^"'^^ '^^ concentration of fluorine 

„,„ - , , . L- . . 00 contained in the SiO. him IS equal to 2% or more. 

FIG. 3 show,s the relation.sh,p between the concentration Next, an embodim'eni of an electron emission element 
ot fluorine and the dielectric constant of the SiC film 



, , - according to the present invention will be de,scribed. 

formed by the liquid phase deposition method. As shown in The basic construction of the electron emission element 

FIG. 3, the dielectric constant is reduced as the fluorine used in the display device is the same as shown in FIG. 1. 

content increases. ^5 P,q 4 ^.^^^^ ^^^^ structure of a display device to which the 

Upon estimating the dielectric constant required to the present invention is applied. In FIG. 4, reference numeral 31 

insulating layer, in the case of a conical type emitter in a represents a face plate, reference numeral 32 represents an 
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anoc c clcclroilc lor acccleralinj- elecirons emilled from the 
ticclron emission elcmenls, rclcrcncc numeral 33 represenis 
a phosphor, rclerence numeral 34 repre.sen(s an exhausi pi,x;, 
relerence numeral 35 represenis a spacer lor supporting ihe 
oulsK e air pressure, reference numeral 36 represents a geller 
lor acls(,rbing residual gas. and reference numeral 37 repre- 
senis a locus elecirocle for focusing electron beams onto 
■""r r '!':,^'''''r^'^"" numerals 1 to 7 are the same as used 
in I'lij. I . i hal IS, relerence numeral 1 represents a substrate 
rc erence numeral 2 repre.senls a calhocle wiring layer' 
relerence numeral 3 repre.senls a resistance layer, reference' 
numera 4 represents an emitter line particle film, reference 
numeral 5 represents an insulating layer, reference numera! 
6 represents a gale line layer and reference numeral 7 
represents an opening portion. 

ITie first preferred embodiment of a method of manul^ic- 
tunng an electron emi.ssion element array accoixiing to the 
pre.senl invention will be described 
(Step 1) 

Tliere is prepared a rectangular Pyrex glass .substrate 1 of ^, 
14 inches in diagonal length and about 5 mm in thickness 
whase surtace is roughened by a plasma treatment. Usually' 
a laterally elongated screen (having long sides in the lateral 
fnrm''?"i '^S '^"l! ^'"'^ ""^ '»"gi«udinal direction) is 
formed. In this embodiment, a laterally elongated screen will 
be described; however, the direction of the screen and the 

seleclecT """"^ ^ °" "'^^ '"'''^'y 

.K^^!™'""'.""^ .'.^y^'^ 2 are formed with intervals of 
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about 450 ,™ in a dfr ct i^n pe;eZu ar to the l^nf .3 ,7"" ' ""^"^"'^ 
direction of the .substrate l' L is t the t'l^ ' '" '^e 



dtrec .on ot Ihe .substrate 1, that is, in the longitudinal 
d rec .on. However, a margin for leading out lines is pro- 
v.ded .n a 2-.nch area at the oul.side of the emitter line 2 

ihJjt h ^TV' ^'f^ ?^ ""^ «f ^hort sides, 
that .8. both the lateral edge portions of the substrate 1 The 
patterning .s carried out so that nothing is formed on the.se 
JJ|*fS'"S- T^he width of the emitter wires 2 is set to about 350 

Tlie emitter lines 2 are formed as follows. First a PVA 
(poly-Vmyl-Alcohol) film is coated on the substrat; 1 and 
Ihe patterning using ultraviolet-ray irradialion is carried out 
with an exposing ma.sk, whereby a mask is formed on a 
portion at which no emitter line 2 will be formed 
Subsequently, an Ni film of about 50 nm is grown by 
electroless plating. At this time, the patterning precision is 
set to about 15 //m. Then, (he PVA film is .subjected to 

to ?/.'^V\''" ^'T^ "'^ eleclroIe.ss plating is subjected 
o elec rolytic plating as an electrode to grow an Au film of 
about 1 /<m on the Ni film 
(Step 2) 

...-^".if ^ " ^' ' 'hi'^kne.ss of about 1 //m by 

u.sing the LPU (Liquid Phase Deposition) method. The LPD 
Wm thus grown may contain lots of particle defects 
However, it the density of the defects is equal to about 
lOOO/cm-, no serious problem occurs practically. In the 
prototype, the film formed on Au is slightly cloudy with 
black; however, it has a breakdown voltage in excess of 100 
V per/m. This value is large enough to the extent that it does 
not ob.struct practical u.se. The SiO, film 5 conformally 
covers the step portions of the Au-Ni wiring line layers., so 
that there exists no exposetl portion of Au 
(Step 3) 

Pd electroless plating is conducted on the SiO, film 5 to 
orm a Pd film of about 30 nm, and then an Ir film is grown , 
at a hickness ot about 200. nm by the electrolytic platin- 
thereby forming the gate film. 



(Step 4) 

Subsequently, the gale film is subjected to patterning in 
Ihe long-.s.de direction of the substrate, that is, n the lattr " 
direction to lorn, the gate wires 6. The emitter w rc^ 2 n 
the gate lines 6 are arranged so as to cross each oih.-r I n h 
vertical direction. The pitch of the gate wires 6 i" sif o llm 
150 /|m. and the width of each gate line 6 is .set to about 10 
//m. A margin lor leading out the lines is provided in a ^-inch 
'mcr md 'low 'I^' 'rr'"'^ P"^'"'"'^' 'hat is, the 
earned out so that no gale line 6 is formed on the mamin 
Ihremilier lines'''™'"'^ ^™ """^ 

(Step 5) ^' 

^ Subsequently, another patterning treatment is carried out 
>o lorm a sub.stantially circular opening portion 7 a hi 
linTrsf, Z7 '"'"'?'^" 2 and each gi 

ver 6 S h ■ "T"^ T'"" ^ P^"-^'' "^^«"Sh (he Jate 
layer 6 and the in.sulating layer 5. = & 

There are two reasons for performing the above patterning 

Server ^o""" '^^"""'"^ '"t 

gate layer 6. One reason resides in that .since the diameter of 
he opening portion is equal to about 1 /,m. it is nece.«ary to 
al^.r '"'"xJ^^'f "^^'^^ ^^'^ «P''"' resolution of 
portions 7 are not neces,sarily provided at a fixed interval on 



.-- — r-"--" ^^.wcci, ine emitter fine 2 and the gate 
Z '■'^.^f if 'he opening diameter ,s uniform 

and substantially the same number of opening portions are 
arranged on each cro.ssing portion. Optical lithography or a 
SvZ'"^"'?,""'"',"''"^ ' Phase-separation siructure of 
rresolution^ patterning method having such 

•nie phase separation structure of polymer is defined as 
the tollowing phenomenon. Two different polymers A and B 
are mxed with each other. When the mixture Is heated up to 
a sufficiently higher temperature than the gla.ss-iransilion 
P^'y'""^ ^ 'he fixture 

frS 7 P""'"""' P°'""" ^here the concen- 

whet ih ^ ^'S'^^^ 'he other portion 

4. •;^.<-'«"'--'="'^«"°" oi 'he polymer B is higher. In this 

45 case, there appears such a structure that a lot of "islands'- 
where the concentration of the polymer B is higher are 
dispersed m the ".sea" where the concentration of the polj- 
mer A is higher, or vice versa. The size of "islands" thus 

heT^? f '^'-^ ™^'h°d is suitable for 

the patterning ot the opening portion 7. 

In this embodiment, the cro.ssing portions between the 
ga e lines 6 and ihe emitter lines are protected by the 
patterning ot resist (produced by Tokyo Applied Chemistry 
55 Company: OFPR800, 100 cp). ^ nemisiry 

Further, a polymer A in.soluble in developing liquid (IPA- 
isopropy alcohol) and a polymer B soluble in the develop^ 
mg liquid are mixed and solved at a mixing ratio of 7 3 n 
an organic solvent (PGMEA: propylene glycol mono-ethyl 
00 ether acetate). For example, PS (polystyrene, produced by 
S nyo Applied Chemistry Company: molecullr weight of 

(propylene glycol mono-ethyl ether acetate) may be used as 
Ihe polymer B. / j u 

method. The film thickness when the organic .solvent is 
vaporized is equal to about 4//m ju.st above the gate lines 6 
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Subsequently, the whole suKstrale is heated up to alwut 
I3(f C, and subjected to an annealing treatment under a 
nitrogen gas atmosphere lor lour hours. Alter the annealing 
treatment, the substrate is cooled to the room temperature. 
At this lime, "island" structures 9 of about 1 fim in diameter 
which mainly contain the alkali-soluhlc polymer H are 
uniformly dispersed al a pilch ol" 2 to 3 fim in the ".sea" 
which mainly contains the polymer insoluble in the devel- 
oping liquid as shown in FIG. 5. ReBowing of the polymer 
lilm occurs in the annealing treatment, so that the lilm lo 
thickne.ss is finally equal to about I /im just above the gate 
wires 6. This polymer film is not coated on the lead-out areas 
oi' the emitter lines. 

Here, the whole .substrate is immersed in the developing 
liquid for 10 minutes, and rinsed with pure water. As a result, J5 
the "i.sland" portions 9 are perfectly removed and the gate 
wires 6 are expo.sed to the outside. 

Subsequently, the gale lines 6 are etched and further the 
in,sulating layer 5 below the gate lines 6 is etched by using 
RIE. At this lime, the iasulating layer 5 covering the lead-oui 20 
portions of the emitter lines at the edge portions of the 
substrate 1 is also removed at the same lime, and the emitter 
lines are exposed, whereby the openings 9 are formed at the 
crossing portions between the emitter lines 2 and the gate 

Through the above process, the wiring line matrix com- 
prising the emitter lines 2 and the gate lines 6 is formed on 
the substrate 1. 
(Step 6) 

Subsequently, as shown in FIG. 2, the resistance layer 3 30 
and the fine particle emitter layer 4 are deposited and formed 
preferably by electrophoresis. This work is preferably car- 
ried out by grouping the emitter wires to some groups. For 
example, respective 100 emitter wires are grouped, and the 
above work is carried out every 100 lines. J15 

A mixture of polyimide fine particles of about 100 nm in 
particle diameter (produced by PI Technology Research) and 
a fuUerene-c-ontaining carbon fine particles of 10 nm in 
particle diameter at a weight ratio of 1000:1 may be used as 
the constituent element of the resistance layer 3. This 40 
mixture is dispensed in the dispersing solvent 22. The 
dispersing solvent ased in this embodiment is "Isopar-L" 
obtained from Exxon Chemicals. The weight ratio of the 
dispersing solvent and the mixture of polyimide and carbon 
fine particles may be set to about 0.4 wt %. Zirconium 45 
naphthenate (produced by Dai-nippon Ink & Chemicals, 
Inc.) is mixed as metallic salt at a weight ratio of about 10% 
into the mixture of polyimide and carbon fine particles. 

The spacing 23 between the counter electrode 21 and Ihe 
substrate 1 is set to atout 100 /tm, and the di.spersing liquid ."^o 
is filled between the sub.slrate 1 and the counter electrode 21. 
A voltage is applied acro.ss the counter electrode 21 and the 
emitter lines 2 by using, (he voltage applying means 24 so 
that the counter electrode 21 is set lo +100V and the emiller 
lines 2 are set lo OV. Al this lime, it is preferable to apply .■;.<; 
ultrasonic waves to the dispersing liquid. 

Just after the voltage is applied, a current of .several mA 
starts to flow, and Ihe current amount decreases exponen- 
tially. In the prototype, Ihe current is unob.servable in about 
two minutes. At Ihis point, substantially all of the resi.slance 60 
material dispersed in the dispersing .solvent has already been 
deposited and formed on the substrale 1. 

Subsequently, the fine particles adhering onto the gate 
hnes are moved inio Ihe solvent by setting the gate lines 6 
lo +5()V and selling Ihe counter electrode 21 to OV. 65 

The above embodiment uses the two-step voltage appli- 
cation method of applying the voltage across the counter 
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electrode 21 and the emiller lines 2 al a lir.sl .step and then 
applying the voltage across ihe gale electrodes 6 and Ihe 
counler eleclrode 21 al a .second slep. However, Ihe same 
cflecl can be achieved by applying Ihe vollagcs lo the 
counler eleclrtide 21, Ihe gale electrodes 6 and Ihc emiller 
wires 2 al the same time so that the following condition is 
satisfied: 

(Ihe vohage of the counler eleclrode 21)>(ihe voltage of 
the gale electrodes 6)>(ihe voltage of Ihe emiller lines 2) 

Further, in the above embodiment, ihe line panicles are 
positively charged by zirconium naphlhenale. However, if 
the fine particles are required lo be negatively charged, the 
posilivc/negativc signs of the applied voltages in Ihe above 
proce.ss may be inverted to achieve the same effect. 

Finally, the anneal treatmeni is conducted under a nitro- 
gen atmosphere at a temperature of about 3(KI° C, whereby 
the resistance film 3 and the emitter wires 2 can be firmly 
joined together. 
(Step 7) 

Subsequently, the line panicle emiller layer is likewise 
deposited and formed in the same manner. 

As the fine particle emitter material are used fine particles 
of boron nitride of cubic .system (c-BN) having a particle 
size of about 100 nm (SBN-B produced by Showa Denko 
K.K.) in this embodiment, lliese fine particles are subjected 
to a dilute hydrofluoric acid treatment and then subjected to 
a hydrogen plasma treatment al about 450° C. in advance. 

These fine particles thus treated arc dispersed in Ihe same 
solvent as used in the proce.ss of forming the resistance layer 
3. However, the weight ratio is .set to about 0.2%. Further, 
zirconium naphthenate of about 10 weight % with respecl lb 
Ihe fine particles of boron nitride of cubic system is used. 

As in the case of the formation slep of the resistance layer 
3, the film fomiation on the resistance layer 3 and the 
removal of the portion adhering to the gate layer 6 are 
carried out. Thereafter, the anneal treatment is conducted al 
about 350° C. under a hydrogen atmosphere to achieve 
excellent coupling between the fine particle emitter layer 4 
and the resistance layer 3. 

The electron emis.sion element array substrate is achieved 
through the above proce.ss. 
(Step 8) 

An ITO anode electrode layer 32 is formed on one side 
above a face plate 31, and a phosphor 33 is formed al the 
portion corresponding to pixels. 

As shown in FIG. 4, an exhaust pipe 34 and a spacer 35 
are attached, and the assembled panel is mounted in a 
vacuum chamber for measurement. The height of the spacer 
35 is set lo aboul 4 mm. The voltage of Ihe anode may be set 
lo aboul 3500V. The heighl of the spacer may range between 
aboul 100 /<m and aboul 1 mm, and the corre.sponding 
voltage range is from about 100 to 2000V, for fluorescence 
with low energy electrons. The height of the .spacer ranges 
may range from 1 to 10 mm, and the corre.sponding voltage 
range is between about 1000 lo 30000 V, for fluorescence 
with high energy electrons. 

The mea.suremenl of the prototype is carried out wilh 
using neilher Ihe getter 36 nor the focusing electrode under 
the condition that the pre.s.sure is reduced lo l(r* torr in the 
vacuum chamber by a lurbo molecular pump. 

OV is applied to each emiller wire 2 when the emitter wire 
2 is not selected, and aboul -15V is applied lo each emitter 
wire 2 when the emitter wire 2 is .selected. Further, OV is 
biased to each gate wire 6 when it is nol .selected and aboul 
+15V is biased to each gate wire 6 when it is .selected. As a 
result, electron emission occurs and a luminescent point is 
confirmed on the pho.sphor. 
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A pluralily of pixels is selcclecl over ihc overall display 
area ol Ihe display, and (he brighlness on Ihe display area is 
measured under ihe same condilion, so ihal ihc dispersion is 
within 3%, 

Nexl, Ihe second emhodiment of the elcclron emission 
elemeni ot ihe present invention will he described. The 
structure of the electron emission clemenl used in this 
embochmenl is the same as the lirsi embodiment described 
above. In Ihe following description, another method of 
manulaclunng Ihe array of the electron emission elements in 
Ihe present invention will be described. ' 
(Steps 1 to 6) 

'ITie.se steps are the .same as Ihe method of Ihe lirsi 
emhoclimenl, and thus ihe dcseriplion thereof is omillccl. 

Through Ihe above slep.s, Ihe emiller lines 2, Ihe in.sulaiing 
layer 5, the resistance layer 3 and Ihc line panicle emitter ' 
layer 4 are formed on ihe .substrate I 
(Slep 7) 

Subsequently, Ihe tine particle emiller 4 is deposited and 
formed, SiC fine panicles produced by Sumitomo Osaka 
Cemenl Co., Ltd. are. ased as the line particle emitter •'i 
matenal. The fine panicles are subjected to the heat treat- 
ment for about 20 minutes at 1700» C. under a vacuum slate 
of about 10 -* torr in advance, whereby the .surfaces thereof 
are denatured. The average panicle diameter before (he 
treatment is equal to about 30 nm. 

These fine particles are dispersed in the .same solvent as 
• u.sed in the fir.sl emlxidiment (i.e., Isopar-L). The weight 
ratio thereof is set to about 0.2%. It is preferable to add 
zirconium naphthenale of about 10 weight % with respect to 
Ihe weigh! of SiC particles. 

Subsequently, through the procedure of the step 8 of the 
first embodiment, a film of the SiC fine particles is depo.sited 
on the resistance layer and the SiC line particles adhering to 
Ihe gale layer 6 are removed. Thereafter, Ihe anneal treat- 
ment is conducted al about 400° C. under a nitrogen atmo- 
sphere 10 achieve excellent coupling between the fine par- 
ticle emitter layer 4 and the resi.slance layer 3 
(Step 8) 

The ITO anode electrode layer 32 is fornjed on the face 
plate 31, and the pho.sphor 33 is coated on Ihe portion 40 lines and 
corresponding to the pixels. The result thus obtained and the carried ou 
electron emission array produced through the steps 1 lo 7 arc 
combined with each other, and the exhaust pipe 34, the 
.spacer 35, the getter 36 and the focusing electrode 37 are 
.secured as shown in FIG. 3. 

ITiercafter, the exhaust is carried out by performing rough 
evacuation with a rotary pump and then pressure-reduction 
to 10 torr with a turbo molecular pump 10 

fh„^' Tt"^' ''l'"-^'^"^' 'he overall panel and saturated, and then a piece ot"99 9% 
thus tabricated is evacuated at about 200° C, and then the 50 added to the saturated solui 
exhaast pipe is cut and .sealed while il is pumped by the 
getter pump, thereby keeping the overall panel sealed. 
Thereafter, the temperature is reduced lo the room icmnera- 
fure. 

In the prototype, Ihe voltage of the anode is set lo about 
5000V. OV is applied lo Ihe emitter lines 2 and the gate lines 
6 when they are not .selected, and -5V and +.'iV are biased 
lo the emiller lines 2 and Ihe gale lines 6 re.spectively when 
they are .selected, whereby the electron emis.sion occurs and 
the lumine.scenl point is confirmed on the pho.sphor. Furlher, 
a pluralily of pixels are selected on the overall di.splay area 
of the display, and the brightness is measured under the same 
condilion, .so that the di.spension is within 2%. 

Next, a third embodiment of the di.splay device according 
to the present invention will be described in detail. 

FIG. 6 is a cro.ss-seclional view schem: 
part of this embodiment. 



cally showing s 



20 

A plurality of .stripe-shaped cathode electrode lines 6002 
are lormed on the .surface of a lower substrate 6001 formed 
ol gla.ss. A thin film 6007 for a cold cathode is formed on 
these cathode electrode lines 6002. Further, a pluralily of 
gate electrode lines 6004 are formed on the Ihin film 6(K»7 
1 he gale electrode lines 6004 are formed in a stripe shape .so 
as lo cro,ss the cathode electrode lines 6002. Accordingly Ihe 
cathode electrode lines mi and Ihe gate electrode lines 
6(MM are designed in a matrix structure. Each cathode 
electrode line 6002 and each gate electrcKle line 6(NI4 arc 
connected to control means 6015 to control the drivinii 
operation thereof. ^ 
A number of substantially circular holes 6005 are formed 
in the cro.ss area between each cathode electrode line 6002 
and each gate electrotle line 6004 so as lo pierce through the 
cathode electrode line 6002 and the insulating layer 6003 
and reach the thin film 6007 for Ihe cold cathode. The thin 
tilm 6007 exposed lo the bottom portions of the holes 6005 
constitutes Ihe cold cathode. The thin film 6007 comprises 
an a.s.sembly of fine particles which are coated with interta- 
20 cial aclive agent and formed of material having a small work 
tunciion. The insulating layer 6003 is formed of silicon 
oxide containing fluorine. 

The constnjction and display operation of Ihe display 
device using Ihe electron emi.s.sion source of this embodi- 
^'^Pi'q^ '^2^ '^^^ "'^ conventional display device .shown 

Next, the manufacturing process of the cold cathode of 
this embodiment will be described. 
Ag paste is coaled in a .slripe shape on a glass plate 6001 
30 of about 3 mm in thickne.ss by the screen printing method 
and then baked to form cathode electrode lines 6002. 

Further, there is prepared dilute detergent, aminopropyl 
Iriethoxysilane, into which c-BN fine particles of about 10 
nm in particle diameter are mixed and stirred. 
<: '•"'erS^n' thus prepared is coated on Ihe glass plate 
6001, and then cured to volatilize the organic solvent. 
Further, Ihe glass plated coaled with the detergent is sub- 
jected to a heat treatment for about 2 hours at about 350° C 
under the atmospheric air lo lix Ag of the cathode electrode 
BN lo each other. The patterning process is 
n the cold cathode thin film 6007 thus forming 
every pixel by a normal PEP. (Photolithography) slep. 
Although c-BN has various resi.stiviiy values depending on 
the degree of doping by sulfur, c-BN having re.sistivity in the 
range of from 102 lo 1010 o)m is generally u.sed in its 
application. 

Sub-sequently, SiO, fine particles are di.s.solved in hydro- 
!!!lf?!l"?fi^.f"'',*^'"''°" of ■''^^o"' mol/1 in concentration 
purity aluminum is 
- obtained. Thereafter, the 
glass plate 6001 is imrnensed in the above solution for about 
30 hours while keeping Ihe temperature of Ihe liquid to about 
60° C, whereby the SiO, film containing fluorine is depos- 
ited with a thickness of 10 /(m. The SiO. film containing 
x> fluorine thus formed serves as the insulaling layer 6003 
Since the detergent aminopropyl Iriethoxysilane is coated on 
the surfaces of the c-BN fine particles, Ihe adhe.sion between 
the emitter layer 6007 and the in.sulaiing layer 6003 is 
sufficient. 

60 Next, the stripe-shaped gate electrode lines 6004 are 
printed on the insulating layer and baked. Al this time the 
gate electrode lines 6004 are formed so that Ihe cathode 
electrode lines 6002 and the gate electrode lines 6004 are 
arranged so as to cross each other on the emitter layer 6007 
65 which is patterned every pixel. Thereafter, a resist mask is 
formed on Ihe gale electrode lines 6004 and Ihe insulating 



layer 6003 by the normal PEP step. 
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Thcrcallcr, as in Ihc case of Ihc lirsl cmlxidimenl, suh- 
slanlially circular holes having about a radius of 1 
micromeler, which is cquivaicnl lo about 3((CK) holes per 
pixel, arc formed. The etching of the insulating layer 6003 
is performed with dilute hydrofluoric acid, and the emilter 5 
layer 6007 is exposed at the bottom portions ol' ihc holes 
6005 thus formed. Coinciding the patterning of ihc insulat- 
ing layer 6003, ihe hydrogen terminating treatment is con- 
ducted on the surfaces of the c-UN line particles of Ihe 
emitter layer 6007. At this time, the emitter line particles jo 
have been broadly formed on the cathode wires 6002, .so that 
the po.sitioning work in the formation process of Ihe holes is 
easily performed and lhas the reliability is not losi by the 
pcsitioning work. 

The concentration of fluorine contained in the SiO, insu- i5 
laling layer 6003 thus obtained is equal to about 2.8%, and 
the dielectric constant at 1 MHz is equal to about 3.5. Since 
the dielectric constant of the SiO; film formed by the 
chemical vapor depasition method, the high-frequency sput- 
tering method or the like is generally equal lo about 4.3, Ihe 20 
dielectric constant can be reduced lo a remarkably small 
value in Ihis embodiment as compared with the normal 
dielectric constant value. The area of one pixel is equal lo 
about 1.6x10"'', and the electro.stalic capacitance per pixel is 
equal to 0.495 pF in the prototype. 35 

Next, a fourth embodiment of the present invention will 
be de,scribed. The display device is formed in the same 
manner as the third embodiment.. 

A paste containing SiO, fine particles of about 1(K» nm in 
diameter are coated on a glass plate having calhode elec- 
trode lines and emitters formed thereon, and then dried. 

Further, SiO^ line particles are dissolved in hydrosilicof- 
luoric acid .solution of about 3 molars in concenlralion and 
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saturated. Then, a piece of 99.9% purity alui 
to the solution thus saturated. 35 

The substrate plate is immersed in the .solution thus 
obtained for about 30 hours while keeping the temperature 
of the solution at about 60° C, and the SiO, film conlaining 
fluorine is depo.siled al a thickness of" about 10 fim. 
Thereafter, the anneal treatment is conducted for about one 40 
hour at about 400° C. under atmospheric pressure air lo form 
the iasulating layer. 

A fifth embodiment according lo the pre-senl 
will be de.scribed. 



portions of the gates. Accordingly, the short-circuiting 
between Ihe emilter lines and the gate lines can be pre- 
vented. Turlher, Ihe resi.stance layer and the line particle 
emitter layer can be formed while keeping uniformity, which 
would be unachievable by the other methods .such as 

According lo the di.splay device of the present ii 

.since the SiO, insulating layer contains fluorine, the ir 
laling layer having a dielectric constant of about 3.5 can be 
formed on Ihe array substrate. That is, ihe insulation layer 
can be provided with a dielectric constant which is much 
lower than the dielectric constant of about 4,3 of Ihe SiO, 
aim formed by the normal thin film forming method which 
is represented by the chemical vapor deposition method or 
the high-frequency .sputtering method, whereby the piirasitie 
capacilance per pixel can be reduced and thus the thickness 
of the insulating kyer can be ahso reduced. Accordingly, the 
distance between the gate and the emitter can be shortened, 
and the driving voltage can be reduced. 

In addition, the insulating layer formed by using the liquid 
phase deposition method enables formation of an SiO, film 
which is more minute as compared with the SiO,' film 
formed by the thin film forming method which is repre-. 
senled by the chemical vapor depo.silion method or the 
3.'! high-frequency .sputtering method. That is, a film having a 
.superior insulating property can be achieved. Accordingly, 
the leak current can be reduced and (he breakdown voltage 
can be increased, so that the power consumption efijciency 
and the reliability can be enhanced. Further, the thickness of 
30 the insulating film can be reduced and thus the gate-emitter 
distance can be shortened, .so that the driving voltage can be 
reduced. 

As compared with the thin film forming method repre- 
sented by Ihe chemical vapor deposition method or the 
35 high-frequency sputtering method, the liquid phase depo-si- 
tion is superior in uniformity of film thickness and film 
quality. Accordingly, even when a large-scale display device 
of 40 inches or more is manufactured, a device having little 
unevenness in image quality can be provided. 

Further, the film formation can be performed at a low 
temperature, so thai thermal damage .such as oxidation or the 
like which would be applied to the cathode electrode lines 
and the emitters can be remarkably reduced. Therefore, the 



T, ,. , , . . .. present invention contributes lo the enhancement of yield 

llie display device is formed m the same manner as the 45 and reliability, 
third embodiment except that polyimide containing boron is 



deposited by an electrodeposilion method lo form the 
laling layer. That is, after the emitter layer is formetl, 
polyimide containing fluorine is electrodepo.sited on the 
emilter layer to form the insulating layer. The concentration 
of fluorine contained in the SiO-. insulating film for Ihe cold 
calhode thus obtained is equal to about 2.5%., and the 
dielectric conslanl at 1 MHz is equal to about 3.0. 

The following efl:ecls can be achieved by the electron 
emi.s.sion element and the method of manufacturing the 
electron emission electrode in the pre.sent invention. 

(1) By fabricating the resistance layer having a suflicient 
current limiting effect into the electron emission element, the 
maximum current amount flowing into each electron emi.s- 
.sion element can be eQ:ectively re.stricled. By the pre.sent 
invention, the resistance layer as described above can be 
applied to fine particle emitters. Therefore, even when the 
pre.senl invention is applied lo a display, there can be 
prevented occurrence of unevenness of brightness in which 
extremely bright luminescent points are dispensed. 

(2) The resistance layer and the fine particle emitter layer 



n be selectively formed on the emitter lines in Ihe opening embodiments. These values are 



Still fiirther, in the process of forming the SiC film by the 
liquid phase deposition method, there is provided such 
.selective growth that no SiO, film is formed on the portion 
which is provided with a resist ma.sk in advance. 
50 Accordingly, SiO, is grown on an area other than the 
resist-ma,sk provided area, whereby the insulation layer can 
be .subjected lo Ihe patterning treatment without etching 
SiO... 

The material which .sufl'ers damage by the etching liquid 
55 for SiO;, for example, dilute hydrofluoric acid or ammo- 
nium fluoride may be used for the emitters.. 

Further, since a special apparatus such as a chemical 
vapor depo.sition apparatus or high-frequency sputtering 
apparatus is not needed, the batch treatment can be per- 
60 formed regardless of the size of the substrate. Accordingly, 
the presents invention contributes to reduction in cost and 
enhancement in productivity. 

Obviously, numerous modifications and variations of the 
present invention are po.ssible in light of the above leach- 
65 ing.s. For example, film thicknes.ses, film pattern sizes, 
particle materials, chemicals, etc. were given in the above 



t intended to limit the 
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invenlion hiii arc provided as examples lo praclice the 
invention. I( is iherelbre lo lie underslood thai within the 
scope ol ihc appended claims, Ihe invention may lie prac- 
ticed olherwi.se than as specifically described herein 

Whal is claimed is: , 

1. A liekl emission element comprising: 

a cathode layer formed on said substrate; 

an insulating layer formed on said cathode layer; 

a gate layer formed on said insulating layer; 

a resistance layer formed on said cathode layer com- 
pletely inside of an opening penetrating Ihrough said 
insulating layer and said gate layer, said resistance 
layer comprising particles and covering all of ihe jj 
cathode layer in the opening; and 

an emitter lilm layer formed of emitter particles on said 
resistance layer, said emitter lilm layer having a stan- 
dard non-conical lilm shape. 

2. A liekl emi.s.sion element according to claim 1, wherein 20 
.said resistance layer comprises resistive particles, said resLs- 
tive particles being formed from in.sulaiors. 

3. A field emission element according to claim 2, wherein 
said resistance layer further compri.ses conductive particles. 

4. A field emission element according to claim 1, wherein 2? 
said resi.slance layer comprises conductive particles dis- 
persed in an insulating material. 

5. A field emission element according to claim 3, wherein 
a surface of at least one of said conductive particles, said 
resistive particles, and said emitter particles comprises a -'0 
metallic salt. 

6. A field emission element according lo claim 3, wherein 
said conductive particles are selected from a group of 
graphite, amorphous carbon, fullerenes, nano-fiber of carbon 
and graphite nano-fiber. 

7. A field emission element according to claim 2, wherein 
diameters of said resistive particles are sub.slanlially 
between 5 nanometers and 500 nanometers. 

8. A field emi.ssion element according lo claim 1, wherein 
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;r particles are selected from a group of diamond, fluorine. 

ide Ot Cllhif KVCtf^m Kr^rr^n nit^iA^ I i 



"^"^ ^' F''«'"-i>'.-> ai6 ,>cict;icu irora a group oi aiamond, 

boron nitride of cubic system, boron nitride of hexagonal 
system, aluminum nilride, CeO,, Ho^Oj, HfC, ZrCand SiC. 

9. A field emission element according lo claim 1, wherein 
said emitter particles are .selected from a group of diamond, 
boron nitride of cubic system, boron nitride of hexagonal 
sy.stem, aluminum nitride subjected to an activation Ireal- 

10. A field emi.ssion element according to claim 1, 
wherein said insulating layer, comprises SiO, including 
fluorine. 

11. Afield emission display according lo claim 1, wherein 
said in.sulaiing layer contains not less than 2% fluorine. ■ 

12. A field emission display according to claim 1, wherein 
said emitter particles are coated by detergent. 

13. Afield emission display according to claim 1, wherein 
plural of said openings are formed at random in an over- 
lapping area of said calhode layer and said gate layer. 



14. A field emission display according to claim 1, wherein 
diameters ol .said openings are substaniially I micrometer. 

15. A field emis.sion display according lo claim 1, wherein 
.said resistive layer has a structure formed on .said cathode in 
said open by electrophoresis after said calhode, insulating 
layer and gate layer are formed. 

16. A field emis.sion display according to claim 15, 
wherein said resistance layer has a .structure formed by 
applying a cathode electrical polenlial lo said calhode. and 
applying a gate electrical potential to sajd gale after impre,s.s- 
ing .said cathode electrical potential. 

17. A field emis.sion display according to claim 15, 
wherein said resistance layer has a structure formed by 
simultaneously applying a cathode electrical potential to 
said cathode and a gate electrical polenlial to .said gale 
wherein .said gate electrical potential is higher than .said 
calhode electrical potential in the ca.se that particles for 
electrophoresis are charged positive, and 

said gate electrical potential is lower than said cathode 
electrical polenlial in the case that particles for elec- 
trophoresis are charged negative. 

18. A field emis.sion di.splay comprising; 
a substrate; 

a cathode layer formed on said substrate; 

an insulating layer formed on said calhode layer; 

a gale layer formed on said insulating layer; 

a resi.stance layer formed on said cathode layer com- 
pletely inside of an opening penetrating through said 
insulating layer and said gate layer, said resistance 
layer comprising particles and covering all of the 
cathode layer in Ihe opening; 

an emitter film layer formed of emitter particles on .said 
resistive layer; said emitter film layer having a standard 
non-conical film .shape; 

an anode layer opposing said .substrate; and 

a fluorescent layer on said anode layer. 

19. A field emis.sion display according to claim 18, 
wherein said insulating layer is formed by SiO, containine 
fluorine. ' " 



20. A field emi,s.sion di.splay according to claim 18 
wherein plural of said openings are formed at random in an 
overiapping area of .said cathode layer and said gate layer. 

21. A field emission di,splay according to claim 20, 
-■• wherein diameters of said openings are .substantially 1 

micrometer. 

22. A field emis.sion display according to claim 18, 
wherein said resistance layer comprises resistive particles. 

so u^ -^ display according lo claim 18, 

■ wherem diameters of said resistive particles are substantially 
between 5 nanometers and 500 nanometers. 

24. A field emissive element according lo claim 4, 
wherein .said conductive particles are selected fi-ora a group 
of graphite, amorphous carbon, fullerenes, nano-fiber of 

■ - carbon and graphite nano-fiber. 



